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Editor’s note: We have made some minor 
changes to our regular table showing selected 
wholesale prices for freshwater fish and other 
aquatic animals in Thailand and Viet Nam (see 
page 59). In the absence of regular prices for 
some items traded at Talaad Thai Wholesale 
Market in Pathum Thani Province in Thailand, 
we have dropped quotations for three species. 
These are the wholesale prices for two wild-
caught fishes — striped snakehead (Channa 
striata) and bighead walking catfish (Clarias 
macrocephalus) — as well as prices for both 
wild and farmed climbing perch (Anabas tes-
tudineus). Given irregular quotations for some 
items traded in Dong Thap Province in the Me-
kong Delta in Viet Nam, we have also dropped 
sub-fingerling prices for farmed pangasius or 
striped catfish (Pangasianodon hypopthalmus) 
and prices for large and medium-sized farmed 
giant freshwater water prawns (Macrobrachium 
rosenbergii). The number of species covered is 
unchanged.
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Replacement costs for fish catch losses  
What would be the cost of replacing half the 

fish catch in the Lower Mekong Basin if it was 
lost? A new FAO Fisheries and Aquaculture 
Circular estimates the cost — not in financial 
terms but in terms of equivalent energy from 
alternative sources of food from aquaculture, 
livestock and crops. The study examines how 

much water and land area would be required as 
well as the additional greenhouse gases that 
would produced by such replacement foods.

A new review of 45 river and lake basins support-
ing inland fisheries across the world estimates that 
Southeast Asia alone accounts for 33.2 percent 
of the global catch from freshwater areas. The re-
view — by the Hull International Fisheries Institute 
at University of Hull and the Food and Agriculture 
Organization of the United Nations (FAO) — identi-
fies five major inland basins on the Southeast Asian 
mainland with annual catches of at least 100,000 
tonnes. The Mekong River Basin ranked first with 
an estimated 15.3 percent of the global catch from 
inland waters, making it the world’s biggest contrib-
utor to freshwater catches ahead of the Nile River 
Basin (9.8 percent). Next came the Ayeyarwardy 
River Basin (third worldwide) followed by the Red 
River Basin (tenth), the Chao Phraya River Basin 
(eleventh) and the Salween River Basin (seven-
teenth).

The 314-page document not only provides a snap-
shot — possibly the first — of inland fishery con-
tributions to food and biodiversity of the world’s 
large transboundary river basins. It also estimates 
the costs of replacing inland fish with other foods if 
catches suffer significant declines caused by fac-
tors such as overfishing, agriculture, hydropower, 
pollution and climate change. Replacement costs 
are estimated in terms of equivalent energy from 
farmed fish, livestock or field crops. The review also 
estimates the water and land required to replace 
inland fisheries with other foods as well as the ad-
ditional greenhouse emissions that would result.

In terms of farmed fish alone, the review found that 
aquaculture production would have to expand 75 
percent to more than 600 percent if the Mekong 
catch was halved, depending on the species. If 
half the catch was lost from the Red River Basin in 

northern Viet Nam, increased production of farmed 
fish to offset the loss would be much lower — from 
15 percent to 36 percent. Calculations were based 
on three species including striped catfish (Pan-
gasianodon hypophthalamus), a species native to 
the Mekong but not the Red River Basin. This fish 
is already farmed intensively in the Mekong Delta 
in Viet Nam. The two other fishes were alien spe-
cies — common carp (Cyprinus carpio), a species 
widely farmed in Thailand and Viet Nam where it 
can reproduce naturally in the wild, and Nile tilapia 
(Oreochromis niloticus) which is widely used in aq-
uaculture across the Lower Mekong.

To estimate replacement costs, the authors note 
that a financial approach may be applicable to dis-
tinct commercial fisheries where economic factors 

The cover of the FAO circular features fishing gear used on the 
Tonle Sap Lake in Cambodia. 

Photo: FAO/Simon Funge-Smith



5April 2021                         Catch and Culture - Environment Volume 27, No. 1

Inland fisheries

— such as lost exports, lost fishing days and higher 
food prices — may be easily quantified. “But this is 
restricted to a few large commercial inland fisher-
ies,” the review says. “An alternative approach is 
the use of environmental implications of replacing 
fisheries, which is perhaps better suited to quantify 
the loss of inland fisheries that are poorly defined 
and can provide decision-makers with a picture of 
the burdens incurred by fish loss that are easy to 
understand. 

Estimates for replacement costs were based on fish 
catch losses of 50 percent or 100 percent. Where 
there were notable threats to a basin’s fishery or 
where catches were known to have declined, the 
authors based their estimates on a 50 percent loss. 
The estimated proportional use of water resources 
required to replace fish were based on FAO statis-
tics on national agricultural water use. FAO statis-
tics on pastoral, arable and agricultural land areas 
were similarly used to estimate proportional land 
area for fish replacement.

Mekong River Basin
Estimates for fish catch in the Lower Mekong Basin 
(Cambodia, Lao PDR, Thailand and Viet Nam) are 
based on MRC Technical Paper No 47 published 
in 2015. (see page 6). “But given the age of these 
data the estimates are likely to be an underestima-
tion,” the review says. The estimated catch from the 
Upper Mekong Basin in Yunnan Province in China 
is based on Chinese estimates published in 2016. 
Estimates for Myanmar are excluded, with the re-
view noting that the country’s fisheries statistics are 
“inconsistent and considered overestimates by nu-
merous sources.” Moreover, Myanmar accounts for 
only four percent of the Mekong Basin and this is a 
mountainous area so its shares of the basin’s fish 
catch is assumed to be not significant.

The review notes that modelled predictions indicate 
that the development of 77 dams in the Mekong 
Basin would result in the loss of 550,000 tonnes 
to 880,000 tonnes (23 percent to 39 percent) of 

The FAO circular includes this map showing the concentration of inland fish catches by major basins as a percentage of global catch 
in 2015. The Mekong Basin (very dark green) ranks first with 15.3 percent of the worldwide catch, well ahead of the Nile Basin (dark 
green) at 9.8 percent and the Ayeyarwardy Basin (regular dark green) at 7.9 percent.

Source: Ainsworth et al. (2021)
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Estimated capture fisheries production for the Mekong River Basin (excluding Myanmar)
Country Catch estimate (tonnes) Year Reference

Cambodia 767,000 2000 Hortle and Bamrungrach (2015)
China 1 8,8081 2015 Zhao and Shen (2016)
Lao PDR 246,000 2015 Hortle and Bamrungrach (2015)
Thailand 921,000 2000 Hortle and Bamrungrach (2015)
Viet Nam  369,000 2015 Hortle and Bamrungrach (2015)
Total  2,311,808

1 From Yunnan Province 

Ainsworth et al. (2021)

Striped catfish, also known as pangasius, at Viet Nam's National Breeding Centre for Southern Freshwater Aquaculture in Cai Be 
District in the Mekong Delta province of Tien Giang in 2018.The center is run by Research Aquaculture No 2 in Ho Chi Minh City, 
part of the Ministry of Agriculture and Rural Development. Called ca tra in Vietnamese, the native Mekong species was virtually 
unknown in northern Viet Nam until recently when companies exporting the fish to foreign countries started to penetrate markets in 
the north. To help pangasius processors in the Mekong Delta access new domestic markets, the Ministry of Agriculture and Rural 
Development organized the first Ca Tra Fair in Hanoi in 2017. Tran Dinh Luan deputy director general of the ministry’s Fisheries 
Directorate, reportedly told VietFish magazine that besides focusing on traditional markets such as the United States, Europe, 
Japan and China, the industry was targeting domestic markets by improving the design and quality of products in line with domestic 
consumer preferences.

Photo: Chhut Chheana 

capture fisheries. If all 11 mainstream dams in the 
Lower Mekong are completed, catch losses are es-
timated at almost 240,000 tonnes (44 percent) for 
Cambodia and almost 360,000 tonnes (42 percent) 
for Viet Nam.

Replacement foods
If 50 percent of the catch was lost from the Lower 
Mekong Basin alone, the review finds that “aqua-
culture production would have to increase signifi-
cantly to replace kilojoules from capture fisheries” 

(see table below). For the native striped catfish, 
also known as pangasius, farmed production — of 
which 96 percent was from Viet Nam in 2015 — 
would have to expand by almost 890,000 tonnes. 
For introduced species, output would have to rise 
by more than almost 690,000 tonnes for tilapia and 
more than more than 700,000 tonnes for common 
carp. The review also estimates the additional pro-
duction required for beef, pork and chicken as well 
as rice and maize to compensate for the fish catch 
being halved.
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Food, water, land and carbon emissions required to replace 50 percent of the Mekong catch 
Replacement

food
Food production 

to replace kJ from 
fisheries (% of current 

food production)

Water required 
to replace fisheries 
(% of agricultural 

water use)

Land required 
to replace fisheries (% of  

area of inland water, pastures 
and other farmland)

Additional
greenhouse gas
emissions from

replacing fisheries
Pangasius catfish 888,729 tonnes (75.4%) 7.7 km3 (5.4%) 379 km2 (0.05%) 3.56 mln tonnes
Tilapia 688,649 tonnes (148.4%) 2.1 km3 (1.6%) 31,302 km2 (3.9%) 0.18 mln tonnes
Common carp 703,379 tonnes (607.3%) 2.2 km3 (1.5%) 117,229 km2 (14.7%) NA
Beef 722,703 tonnes (130%) 11.1 km3 (7.9%) 83,388 km2 (230.5%) 45.24 mln tonnes
Pork 377,966 tonnes (NA) 2.3 km3 (1.6%) 51,540 km2 (142.5%) 0.21 mln tonnes
Chicken 1,190,334 tonnes (NA) 5.1 km3 (3.7%) 31,941 km2 (88.3%) 2.81 mln tonnes
Rice 1,011,785 tonnes (1.1%) 2.3 km3 (1.6%) 2,218 km2 (0.8%) 0.12 mln tonnes
Maize 1,529,442 tonnes (NA) 1.9 km3 (1.3%) 5,511 km2 (1.9%) 0.06 mln tonnes

Source: Ainsworth et al. (2021)

“Water resources would be severely impacted by 
the replacement of capture fisheries with alterna-
tive food sources,” the review says. Beef would 
have the largest water demand, equivalent to al-
most eight percent of the agricultural water use in 
the Lower Mekong. Tilapia production would re-
quire the smallest amount of water to replace cap-
ture fisheries, equivalent to almost two percent.

In terms of land area, beef would require the larg-
est land-use conversion equivalent to 230 percent 
of the pastureland in Lower Mekong countries. To 
convert inland water areas to aquaculture, common 
carp would need the most area (15 percent) and 
striped catfish the least (0.05 percent). Increased 
production of rice or corn would require an extra 1-2 
percent of agricultural land.

The review estimates carbon emissions from 50 per-
cent of the Lower Mekong fish catch at 4,376,640 
tonnes. Additional carbon emissions from livestock 
would be higher than from aquaculture, particularly 
beef production which was estimated at 45 mil-
lion tonnes compared with 3.6 million tonnes from 
striped catfish and 0.2 million tonnes from tilapia 
aquaculture. 

How feasible is a significant expansion of aquacul-
ture production in the Lower Mekong Basin? The 
study notes MRC production estimates of 2.1 mil-
lion tonnes across the basin, published in Catch 
and Culture in 2015. That’s equivalent to 90 percent 
of capture fisheries, with average annual growth re-
ported in 2015 to be almost three times the world 
average. “Aquaculture is well developed in Thai-
land and a massive industry in the Mekong Delta 

in Viet Nam, where aquaculture may be contribut-
ing about half the total yield from the fishery,” the 
review says. Most of Viet Nam’s production is from 
striped catfish, tilapia and black tiger shrimp (Pe-
naeus monodon), a native species widely farmed in 
brackish waters in the lower reaches of the Mekong 
Delta.

According to a Vietnamese aquaculturist who has 
worked in the Mekong Delta for 20 years, the es-
timated increase in catfish production in Viet Nam 
would be “within reach technically if the market is 
secured and careful planning is made.” But he said 
the estimated increase in tilapia production would 
be “much harder to achieve” whereas increased 
carp production was “not possible because the cur-
rent production is very small” in the Lower Mekong 
where demand for the species is low. 

“There is a another concern," said Dr So Nam, Chief 
Environmental Management Officer at the MRC 
Secretariat in Vientiane. “The selection of the intro-
duced/exotic/invasive fish species tilapia and com-
mon carp to be farmed for fish food/pro tein produc-
tion is okay but can never replace the costs from loss 
of natural/wild fish species due to additional pres-
sures on the rivers and their ecosys tems,” he said. 
"In other words, the remaining fish diversity and fish 
biomass will be outcompeted by these invasive spe-
cies like many examples around the world including 
the common carp in Australia, silver/bighead carp in 
the USA, and tilapia, pacu and suckermouth catfish 
in the Lower Mekong countries.” Dr So Nam added 
that the sustainability of farming the native Mekong 
striped cat fish for long-term fish supply to compen-
sate for the loss of wild fish was "not feasible or via-
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Estimated capture fisheries production for the Red River by province in China and Viet Nam
Country Province/area Catch estimate Year Reference

China Yunnan 8,213 tonnes 2015 Zhao and Shen (2016)
Viet Nam Láo Cai 8 tonnes

2014 General Statistics Office
of Viet Nam (2017)

Yên Bái 793 tonnes
Phú Tho 749 tonnes
Hanoi 3,995 tonnes
Vính Phúc 2,011 tonnes
Hung Yên 757 tonnes
Hà Nam 670 tonnes 
Thái Binh 58,683 tonnes
Nam Đinh 44,208 tonnes
Red River Delta 231,587 tonnes

Total 351,674 tonnes

Ainsworth et al. (2021)

Food, water, land and carbon emissions required to replace 50 percent of the Red River catch  
Replacement

food
Food production 

to replace kJ from 
fisheries (% of current 

food production)

Water required 
to replace fisheries 
(% of agricultural 

water use)

Land required 
to replace fisheries 

(% of area of inland water, 
pastures and other farmland)

Additional
greenhouse gas
emissions from

replacing fisheries
Pangasius catfish 176,413 tonnes (15.0%) 0.22 km3 (0.3%) 56 km2 (0.03%) 0.45 mln tonnes
Common carp 103,772 tonnes (110.1%) 0.32 km3 (0.4%) 17,295 km2 (10.5%) NA
Tilapia 101,599 tonnes (35.9%) 0.31 km3 (0.4%) 4,618 km2 (2.8%) 0.03 mln tonnes
Beef 106,623 tonnes (36.4%) 1.64 km3 (2.1%) 12,302 km2 (191.6%) 6.67 mln tonnes
Pork 55,762 tonnes (1.8%) 0.33 km3 (0.4%) 7,604 km2 (118.4%) 0.03 mln tonnes
Chicken 175,615 tonnes (27.7%) 0.76 km3 (1.0%) 4,712 km2 (73.4%) 0.41 mln tonnes
Rice 149,723 tonnes (0.3%) 0.33 km3 (0.4%) 327 km2 (0.5%) 0.02 mln tonnes

Ainsworth et al. (2021)

ble due to genetic inbreeding of hatchery fish stocks. 
It is fine for short-term fish supply (10-15 years). But 
the loss of wild fish can never be replaced by farmed 
fish or other animal proteins in addition to the high 
de mand for water and land, and high greenhouse 
gas emissions.”

Red River Basin
Estimates for fish catch in the Red River Basin are 
based on Chinese research published in 2016 and 
data from the General Statistics Office of Viet Nam 
published in 2017, broken down to nine provinces 
and the Red River Delta (catch estimates for Lao 
PDR, accounting for only one percent of the basin 
area, were not included). 

Capture fisheries production is estimated at almost 
352,000 tonnes, mostly from Viet Nam — espe-
cially the Red River Delta which accounts for al-
most two thirds of the total. Aquaculture production 
in the basin is estimated to be more than two-and-

a-half times higher at 940,000 tonnes, with China 
accounting for about a third of all fish farmed in 
the basin. The review says the capture fisheries 
estimates are probably inflated, partly by overes-
timates for inland fisheries production in Thai Ninh 
and Nam Dinh provinces "These provinces are on 
the coast and official fisheries statistics do not dis-
tinguish between marine and freshwater catches, 
nor do they show a breakdown of catch into spe-
cies," the review says. Also, inland capture fishery 
statistics include culture-based capture, which in-
cludes stocked fish caught in lakes, reservoirs or 
other inland waters.” As such, the review says the 
Vietnamese figures don't represent the freshwater 
catch alone and are likely an overestimation.

The review says two large dams on the Da and Lo 
rivers — the two main tributaries of the Red River — 
are likely to have a “significant impact” on fish popu-
lations. “These dams prevent fish species migrating 
to spawning tributaries and completing their natural 
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life cycles,” it says. “The change from a lotic to a still 
lentic system will impact species that inhabit fast-
flowing systems and impact any fish populations 
that rely on flow changes as migration cues.” The 
construction of dams in the upper reaches reduced 
the Red River’s sediment from between 1 060 and 
640 tonnes/km2/year before 1980 to 280 tonnes/
km2/year in 2006. “Further hydropower construc-
tion of two other planned dams within the basin will 
further reduce the sediment load by 20 percent,” 
the review says.” “This reduction in sediment load 
to the river will alter nutrient dynamics and other 
biochemical processes and will likely lead to a re-
duction in overall productivity.”

Replacement foods
If 50 percent of the catch was lost from the Red 
River Basin, the review finds that increased aq-
uaculture production to replace lost energy would 
be greatest for striped “pangasius” catfish — more 
than 176,000 tonnes. Common carp production 
would have to increase by almost 104,000 tonnes 
and tilapia production by about 102,000 tonnes to 
replace capture fisheries. Beef production would 
require a 36 percent increase in production (simi-
lar to tilapia) and the production of chicken would 
need to rise by 28 percent to compensate for the 
lost catch.

Beef as replacement food would require the larg-
est water use equivalent to 2.1 percent of the agri-
cultural water use in Viet Nam. Other food sources 
would require amounts equivalent 1.0 percent or 
less of the water used in agriculture.

Catfish would require the smallest land conversion 
equivalent to 0.03 percent of the water basin area of 
the Red River. “It is possible with increase in the ef-
ficiency of aquaculture practices that the land area 
required to farm common carp and tilapia could be 
reduced,” the review says. Beef production would 
need the equivalent of 192 percent of the pasture-
land area in Viet Nam and pork replacement would 
require land expansion equivalent to 118 percent.

The review estimates carbon emissions from 50 
percent of the Red River catch at 709,793 tonnes. 
Net increase in emissions would be greatest 
through replacing the fish catch with beef produc-
tion (6.67 million tonnes) followed by catfish (0.45 
million tonnes) chicken (0.41 million tonnes), pork 
and tilapia (0.03 million tonnes) and rice (0.02 mil-
lion tonnes).
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Researchers find virus closely related 
to SARS-CoV-2 in Mekong bat species
Scientists believe a new virus found in bats in 

Cambodia is genetically closer to the virus that 
causes Covid-19 than any other closely related 

viruses discovered outside China to date. 
The species from which the samples were 

taken is native to Lower Mekong countries but 
not China, indicating that viruses related to 
SARS-CoV-2 have a much wider geographic 

distribution than previously thought.

Institut Pasteur du Cambodge announced on 5 
February the discovery of a new virus closely re-
lated to SARS-CoV-2 in a species of horseshoe 
bat native to the Lower Mekong region. In a press 
release, the institute said its Virology Unit had de-
tected the virus in two Shamel’s horseshoe bats 
(Rhinolophus shameli) captured in northern Cam-
bodia during a joint mission with France's Muséum 
national d’Histoire naturelle in 2010.

The institute said the discovery followed retrospec-

tive biobank screening of wildlife samples by a US-
AID-funded health project aimed at detecting virus-
es in wild animals including primates, rodents and 
bats. “In collaboration with Institut Pasteur (Paris), 
full genome sequencing revealed the Cambodian 
viruses share 92.6 percent nucleotide identity with 
SARS-CoV-2, but are likely a cousin of the virus 
currently causing the global pandemic,” the institute 
said. 

‘There is no demonstrated 
occurrence of direct transmission 

of SARS-CoV-2 or other 
coronaviruses from bats to humans’

“This finding could be crucial in understanding the 
spillover transmission process from animals to hu-
mans, and in understanding the diversity in this vi-
rus family,” it said. The discovery also suggests that 
“Southeast Asia represents a key area to consider in 
the ongoing search for the origins of SARS-CoV-2, 

Illustration: Global Initiative for Sharing All Influenza Data (GISAID) 

Animal coronaviruses closely related to the virus that causes Covid-19 
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and in future surveillance for coronaviruses.* The 
institute also said “there is no demonstrated oc-
currence of direct transmission of SARS-CoV-2 or 
other coronaviruses from bats to humans.”

A study of the findings by Institut Pasteur du Cam-
bodge was posted online in late January as a pre-
liminary report pending publication. Approved by 
Cambodia’s Ministry of Agriculture, Forestry and 
Fisheries, the study noted that Southeast Asia was 
a “hotspot for emerging diseases” accounting for 
more than 25 percent of the world’s bat diversity. At 
the same time, horseshoe bats from the Rhinolo-
phus genus are believed to be the “main natural 
reservoir” of SARS-related coronaviruses.  

Close relatives
The study said the closest relatives to SARS-CoV-2 
were previously believed to be bats sampled in 
Yunnan Province in southern China — the interme-
diate horseshoe bat (Rhinolophus affinis) in 2013 
and a Malayan horseshoe bat (Rhinolophus malay-
anus) in 2019. According to the International Union 
for the Conservation of Nature (IUCN), the first spe-
cies studied from China is distributed widely across 
South Asia, Southeast Asia and southern China. 
The second species is less widely distributed with 
its geographic range comprising Yunnan Province 
along with Cambodia, Lao PDR, Malaysia, Myan-
mar, Thailand and Viet Nam (see map on page 13). 

‘The species is relatively common in 
eastern Thailand, Cambodia and 

Lao PDR, but locally rare in Viet Nam’

But the Shamel’s horseshoe bat studied by the In-
stitut Pasteur du Cambodge has an even narrower 
range. The latest IUCN assessment — conducted 
in 2019 and published in 2020 — finds that the spe-
cies is known only from Cambodia, Lao PDR, Thai-
land and Viet Nam. It was previously thought to oc-
cur in Myanmar, but records have been reassigned 
to another species. “The species is relatively com-
mon in eastern Thailand, Cambodia and Lao PDR, 

but locally rare in Viet Nam,” the IUCN assessment 
said.

Bat cave in Stung Treng
The study said the samples taken in 2010 were 
from a bat cave in Stung Treng Province which 
borders the southern Lao province of Champasak. 
During the field research by the French museum, 
the other two species identified in China — the in-
termediate horseshoe bat and the Malayan horse-
shoe bat — were caught in the same region where 
the Shamel’s horseshoe bats were sampled. 

‘The study found evidence that populations 
of Shamel’s horseshoe bats between 

northern Cambodia and northern Lao PDR are 
"not genetically isolated" from each other’

Based on recent analysis by the museum, the study 
found evidence that populations of Shamel’s horse-
shoe bats between northern Cambodia and north-
ern Lao PDR are "not genetically isolated" from 
each other. “Some bat species are believed to be 
migratory, and distinct species of bats often share 
habitats, and even co-roost, if only transiently,” the 
study said.

Given the research findings, “SARS-CoV-2 related 

* According to an earlier study of bats in Cambodia and Lao PDR, an 
international team of scientists led by Institut Pasteur du Cambodge 
noted that coronaviruses had been reported in Indonesia, the Philip-
pines, Taiwan and Thailand in addition to China. “Apart from Singa-
pore, bats are hunted for food or preparation of traditional medicines 
and are found in food markets throughout South-East Asia,” the re-
search paper said. Published in 2017, the study noted that bat farms 
to harvest guano as fertiliser were "becoming common” in the region 
and that coronaviruses had been detected in bat faeces in Thailand. 
Cambodia alone was estimated to have more than 70 bat species.

Source: Furey, N. et al. (2020)

Distribution of Shamel’s horseshoe bats 
(Rhinolophus shameli)  
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Taking an oral swab sample from a fruit bat (Macroglossus sp.) during Institut Pasteur du Cambodge field work in the village of Varin in Kang Meas 
District in Kampong Cham Province as part of the second phase of the USAID-funded Predict project from 2014 to 2018. The project aimed to detect 
viruses in wild animals including primates, rodents and bats. In Kang Meas, the project partnered with 565 people from a bat guano farming community 
to learn about perceptions of risk for exposure to zoonotic diseases.

Photo: Duong Veasna
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viruses have a much wider geographic distribution 
than previously understood, and likely circulate via 
multiple Rhinolophus species,” the study said. “Our 
current understanding of the geographic distribution 
of the SARS-CoV and SARS-CoV-2 lineages pos-
sibly reflects a lack of sampling in Southeast Asia, 
or at least along the Greater Mekong Subregion, 
which encompasses Myanmar, Laos, Thailand, 
Cambodia and Vietnam, as well as the Yunnan and 
Guanxi provinces of China, linking the sampling 
area of the closest viruses to SARS-CoV-2 identi-
fied to date.” 

Intermediate hosts
The study noted that pangolins and members of the 
Carnivora order — especially the Viverridae, Mus-
telidae and Felidae families — “are readily suscep-
tible to SARS-CoV-2 infection, and might represent 
intermediary hosts for transmission to humans.” 
Moreover, viruses of the SARS-CoV-2 sublineage 
had recently been detected in distinct groups of 
pangolins seized during anti-smuggling operations 
in southeast China. “It is not possible to know where 
these animals became infected,” the study said. But 
“it is important to note that the natural geographic 

Shamel’s horseshoe bats (yellow) occur in the four countries of the Lower Mekong Basin — Cambodia, Lao PDR, Thailand and Viet Nam. Malayan 
horseshoe bats (green) are more widely distributed including Yunnan Province in China, Myanmar and Malaysia. Intermediate horseshoe bats (blue) 
have the widest distribution, extending from parts of the Indian subcontinent across much of China and most of Indonesia.

Source: Hul, V. et al. (based on IUCN data) (2021) 

Shamel’s horseshoe bats 

Malayan horseshoe bats 

Intermediate horseshoe bats
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Following the emergence of Covid-19, the Institut 
Pasteur du Cambodge tested 430 archived sam-
ples from six bat families and two carnivorous 
mammal families. The samples were selected 
and tested as part of an effort to look at previous-
ly-collected samples that had not been initially 
prioritised for testing or had not been tested due 
to resource constraints. 

Of the 430 samples, sixteen tested positive of 
which eleven were classified in the Alphacoro-
navirus genus and five in the Betacoronavirus 
genus. It was these five samples that included 
the two from Shamel’s horseshoe bats sampled 
in Stung Treng in 2010.

‘There is no evidence of this 
SARS-CoV-2 related virus in bats 

detected in humans and no evidence of 
human-to-human transmission’

In reference to the scientific name of the bat 
species and Stung Treng Province where the 
bats were caught in 2010, the two variants of 
the virus were named BetaCoV/Cambodia/Rsh-
STT182/2010 (or RshSTT182 for short) and Beta-
CoV/Cambodia/RshSTT200/2010 (RshSTT200).  

Among viruses related to SARS-CoV-2 that have 
been found outside China, “RshSTT182 and Rsh-
STT200 are genetically closer to SARS-CoV-2 
than the any other closely related viruses discov-
ered to date,” the study found. “Similarity is fur-

How the new virus was found

ther evidenced when inferring phylogeny based 
on the sequence coding for these proteins.”

‘Further study to look for antibodies 
of this virus in humans is needed’

Dr Duong Veasna, the head of the Virology Unit at 
Institut Pasteur du Cambodge, said the absence of 
the "spike protein" that allows viruses to enter hu-
man cells indicated no infections in humans. “The 
prevalence of this bat virus is very low in the bat 
population and human exposure to this virus is lim-
ited to a very few number of people only,” he told 
Catch and Culture - Environment. “There is no evi-
dence of this SARS-CoV-2 related virus in bats de-
tected in humans and no evidence of human-to-hu-
man transmission of this virus. Further study to look 
for antibodies of this virus in humans is needed.”

In addition to the sampling during the French field 
visit to Stung Treng in 2010, more recent sam-
pling was supported by the USAID-funded Predict 
projects between 2009 and 2020. These projects 
— carried out concurrently in Lao PDR, Thailand 
and Viet Nam — aimed to strengthen capacity 
for detecting viruses with pandemic potential that 
can move between animals and people. In Cam-
bodian field trips between 2012 and 2018, sam-
ples from bats and carnivorans were collected 
from free-ranging animals, private animal collec-
tions, restaurants and hunted animals in Battam-
bang, Kampong Cham, Mondulkiri, Preah Vihear, 
Pursat, Ratanakiri and Stung Treng.

range of the pangolin species involved (Manis ja-
vanica) also corresponds to Southeast Asia and not 
China" (see map on page 17).

In highlighting the need for continued monitoring in 
Southeast Asia, the study noted its high diversity 
in wildlife as well as its extensive trade and human 
contact with wild animals. “The region is under-
going dramatic land-use changes such as infra-
structure development, urban development, and 
agricultural expansion, that can increase contacts 
between bats and humans,” it said. “Continued 
surveillance of bats and other key wild animals in 

Southeast Asia is thus crucial, not only to find the 
SARS-CoV-2 reservoir, but to also be better pre-
pared for the next pandemic.” 

Multiple implications
Dr Alexandre Hassanin, a French evolutionary biol-
ogist who co-authored the study, said the research 
findings had multiple implications. “The direct impli-
cation is that viruses similar to SARS-CoV-2 have 
been circulating for several decades, as revealed 
by molecular dating, throughout Southeast Asia 
and Yunnan,” he wrote in February. “Different spe-
cies of bats could have exchanged these viruses 
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Members of the research team from Institut Pasteur. Clockwise from top left: Mr Hul Vibol, Dr Erik Karlsson and Dr Duong Veasna of the Virology 
Unit at Institut Pasteur du Cambodge and their colleague Dr Etienne Simon-Lorière who specialises in the evolutionary genomics of RNA viruses 
at Institut Pasteur (Paris). Mr Vibol, a research engineer and Dr Karlsson, deputy head of the unit, were co-lead authors of the study. Dr Veasna, 
who heads the Virology Unit, and Dr Simon-Lorière were the co-senior authors. The third co-lead author of the study was Dr Deborah Delaune (not 
pictured) who also works at the Department of Virology at Institut Pasteur (Paris) as well as the Institut de Recherche Biomédicale des Armées in 
Brétigny-sur-Orge and Université Paris-Sud/Saclay in Orsay.  
 
Photos: Sin Sinath, Duong Veasna  and Institut Pasteur (Paris) 



16 Catch and Culture - Environment Volume 27, No. 1                          April 2021  

(Laos, Myanmar, Thai-
land, Vietnam),” the 
paper said. “Although 
pangolins (Pholidota, 
Manidae) feed mainly 
on ants and termites, 
they can also come 
into contact with bats. 
Since many ant spe-
cies are known to feed 
on carrion, pangolins 
can lick dead or dying 
bats on a cave floor, 
and may be then contaminated by sarbecoviruses.”

In the more recent article published in February, Dr 
Hassanin noted that the Malayan pangolin (Manis 
javanica), also known as the Sunda pangolin, was  
— apart from bats — the only wild animal in which 

Phylogenetics

in the caves they inhabit.” Dr Hassanin, a senior 
lecturer at the Institut de Systématique, Evolution  
Biodiversité at the French museum, noted that Chi-
nese researchers had found more than 100 SARS-
CoV-like viruses (like the one behind the outbreak 
of Severe Acute Respiratory Syndrome disease in 
2002). But the Chinese researchers had found only 
two related to SARS-CoV-2. 

Bats and pangolins
In a paper published by the journal Mammalia in 
January, Dr Hassanin and his colleagues described 
how pangolins could come into contact with bats 
carrying sarbecoviruses — the subgenus of coro-
naviruses related to SARS-CoV. 

“The current data clearly indicates that many sar-
becoviruses circulate and diversify in cave bat colo-
nies in China, and likely also in nearby countries 

Dr Hassanin

The International Union for the Conservation of Nature 
(IUCN) has compiled a list of frequently asked ques-
tions about bats in light of “misinformation” about the 
animals in relation to Covid-19. “We should not blame 
bats for Covid-19,” says the Bat Specialist Group of 
the IUCN’s Species Survival Commission. 

“The virus that causes Covid-19 has not been isolated 
from any of the world’s 1,420 species of bat (though 
only a small number of species have been tested 
to date). A coronavirus that is 96 percent similar to 
SARS-CoV-2 has been found in a single species of 
bat, Rhinolophus affinis, in China.”
 
“Transmission of any infectious disease pathogen 
from an animal to a human is a complex process,” the 
bat group says. “SARS-CoV-2 diverged from an an-
cestor virus 40 - 70 years ago, most likely from a bat 
in the genus Rhinolophus ... However, we do not yet 
know the pathway that led this ancestral bat virus to 
become the SARS-CoV-2 virus that infected humans.

“Based on what we know about other coronaviruses, 
it is likely that the ancestor of SARS-CoV-2 was first 
transmitted from bats to another animal with a higher 
chance of infecting humans. For example, it’s cur-
rently recognized that spillovers of the viruses caus-
ing SARS and MERS in humans each involved an 
intermediate host that brought those viruses into con-
tact with humans ... However, transmission of SARS-

Stop blaming bats, says IUCN

Illustration: Living Safely with Bats/EcoHealth Alliance

CoV-2 from human to human, not animal to human, is 
what led the disease to spread globally.”

Further reading

https://www.iucnbsg.org/faqs-covid-19-and-bats.html

Rocha, R. et al. (2021), Bat conservation and zoonotic dis-
ease risk: a research agenda to prevent misguided perse-
cution in the aftermath of COVID-19. Animal Conservation. 
https://doi.org/10.1111/acv.12636

Tuttle, M.D. (2020) A Viral Witch Hunt. Issues in Science and 
Technology. National Academies of Sciences, Engineering 
and Medicine, Tempe, Arizona. 27 March, 2020. Arizona 
State University. https://issues.org/a-viral-witch-hunt-bats/
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South-East Asia (primarily from Indonesia, Malay-
sia and Thailand) continued in large quantities until 
2013, at which point it dropped off significantly.”

In terms of whole pangolin equivalents, the UN 
agency said an estimated 71 percent of seizures 
between 2007 and 2018 were destined for China, 
with 19 percent bound for Viet Nam. “This rout-
ing seems to have changed dramatically in 2019, 

Phylogenetics

SARS-CoV-2-like viruses had been found. “It has 
been shown that pangolins from Southeast Asian 
countries have contaminated each other while in 
captivity on Chinese territory,” he wrote.

Demand for pangolins
How extensive is pangolin trafficking in East Asia? 
A survey commissioned by the World Wide Fund 
for Nature (WWF) last year found that pangolin 
purchases are generally eclipsed by the buying of 
other wild animals in Hong Kong, Japan, Myanmar, 
Thailand and Viet Nam. 

‘Among the five Asian markets surveyed, 
Thailand and Viet Nam had the highest 

rates of wildlife purchases ... The next highest 
rate of wildlife buying was in Myanmar’

The survey — carried out by Toronto-based 
GlobeScan Inc between March 3 and 11 — found 
that 15 percent of respondents had bought or knew 
someone who had bought wildlife products over the 
previous 12 months. Sixteen percent of these re-
spondents reported pangolin purchases, which was 
less than those reporting purchases of turtles, civet 
cats, wild birds and snakes. Only bats ranked lower 
(see table below).   

Among the five Asian markets surveyed, Thailand 
and Viet Nam had the highest rates of wildlife pur-
chases (15 percent of respondents). In both mar-
kets, pangolins ranked fifth behind other animals 
with 16 percent reporting purchases. The next high-
est rate of wildlife buying was in Myanmar (8 per-
cent of respondents). Pangolins ranked fourth with 
20 percent reporting purchases. Among the 4 per-
cent of Hong Kong respondents reporting wildlife 
purchases, 35 percent mentioned pangolin prod-
ucts, the third most popular animal. In Japan, the 2 
percent of respondents reporting wildlife purchases 
ranked pangolins as the fifth most popular animal 
with 14 percent mentioning purchases.

‘Pangolins from Africa 
are now meeting demand 

for the animal in Asia’

According to the latest report by the United Nations 
Office on Drugs and Crime (UNODC), pangolins 
from Africa are now meeting demand for the animal 
in Asia — mainly China and Viet Nam. “In 2000, 
zero export quotas were established for Asian 
pangolin species,” the report said. “Sourcing from Source: GlobeScan (2020)

Wildlife purchases in five Asian markets
Survey in Hong Kong, Japan, Myanmar, Thailand and Viet Nam in 2020 

Source: Challender (2019)

Distribution of Sunda pangolins  
(Manis javanica)
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In 2010, the Shamel’s horseshoe bats (Rhinopholus shameli) were captured in Thala Barivat District in Stung Treng Province near the border with 
Preah Vihear Province. The entrance to the cave where a large colony of the species nested is on the left, one of the captured Shamel’s horseshoe 
bats is on the right.The bats were caught during a mammal survey by the Muséum national d'Histoire naturelle in November and December, 2010 
under UNESCO and the National Authority of Preah Vihear. “The goal was to study the biodiversity of bats near the Temple of Preah Vihear, and a 
large number of bats species were caught during this survey, including eight types of horseshoe bat,” said Dr Alexandre Hassanin, an evolutionary 
biologist from the museum. “They’re of great interest for virologists, as they are the reservoir of all Sarbecoviruses, the group of coronaviruses that 
includes SARS-CoV and SARS-CoV-2, respectively responsible for the SARS epidemic in 2002-2004 and the current Covid-19 pandemic.” At the 
time, Dr Hassanin said, the researchers decided to contact the Institut Pasteur du Cambodge in Phnom Penh to conduct virological studies on the 
captured bats which were subsequently stored in a freezer at -80°C for 10 years.

Photos: Alexandre Hassanin/Muséum national d’Histoire naturelle

Sunda pangolin (Manis javanica)

Photo: Dan Challender/IUCN SSC Pangolin Specialist Group
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where all the major seizures were destined for Viet 
Nam,” it said.

Background
Established in 1953, the Institut Pasteur du Cam-
bodge carries out research on infectious diseases 
and supports public health surveillance. As a mem-
ber of the Institut Pasteur International Network, 
it also works closely with several partners includ-
ing the Food and Agriculture Organization of the 
United Nations (FAO), the World Health Organiza-
tion (WHO) and the Wildlife Conservation Society 
(WCS). 

The Virology Unit set up in 1996 has been hosting 
a high-level biosafety laboratory since 2008. The 
institute was designated a WHO Global Referral 
Laboratory for Covid-19 in April last year and has 
been actively involved in global validation and veri-
fication of new testing protocols and diagnostic kits 
for SARS-CoV-2. 

The Muséum national d’Histoire naturelle in Paris 
was set up in 1635 as a royal garden for medicinal 
purposes and an educational institution. It became 
a natural history museum in 1793 and has since 
been the source of major scientific discoveries in 
natural sciences.   

Disclaimer
The study led by Institut Pasteur du Cambodge was 
posted online in January by biology preprint server 
bioxRv — affiliated with Cold Spring Harbor Lab-
oratory in New York — and shared by the Global 
Initiative for Sharing All Influenza Data (GISAID), 
a Munich-based-platform launched at the World 
Health Assembly in Geneva in 2008. The preprint 
server said it was receiving many new papers on 
SARS-Cov-2 as preliminary reports which had not 
been peer reviewed and should not be regarded as 
conclusive.  
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Special issue of Water highlights strong 
research growth in Lower Mekong Basin

The Basel-based Multidisciplinary 
Digital Publishing Institute published a 

dozen studies on managing the Mekong 
between June last year and mid-March this 
year. The series is part of a special issue 

of the journal Water entitled “Channels for 
Change: Integrating Multiple Disciplines 

for New Frontiers in Managing 
the Mekong River Basin.”

A special issue of the peer-reviewed journal Wa-
ter focuses on natural resource management in the 
Lower Mekong Basin with articles continuously pub-
lished online in an open-access format. The studies 
highlight the growing research community and col-
laboration among bodies such as the Mekong River 

By Zeb Hogan and Stefan Lovgren *

Commission and projects such as the USAID-fund-
ed Wonders of the Mekong, government research 
institutes academic institutions, management-ori-
ented non-government organisations and conser-
vation projects. Contributions include topics such 
as fisheries trends; management and conservation; 
the impacts and trade-offs associated with hydro-
power; hydrology and aquatic community ecology; 
fish migrations biodiversity; land-use change and 
pollution; environmental governance, policy and 
planning; stakeholder engagement and effective 
communication.  

Authors of the articles include students at the Mas-
ter of Science in Biodiversity Conservation pro-
gramme and a new PhD programme in Applied 

Flooded forest on the Mekong mainstream in Osvay District in Stung Treng Province in northern Cambodia during the wet season in 2020. The district 
is located immediately downstream from the southern Lao province of Champasak.

Photo: Chhut Chheana / USAID Wonders of the Mekong
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Ecology and Management at the Royal University 
of Phnom Penh. Both programmes are contribut-
ing to growth in research capacity in Cambodia and 
mirror long-standing natural resource management 
programmes at the Asian Institute of Technology in 
Thailand and Can Tho University in Viet Nam. 

The papers published by the journal highlight the 
growing importance of data-sharing agreements 
and long-term data sets that support research, con-
tributing to capacity building, policy formulation and 
planning for a better future for the Mekong. MRC 
data and long-term data collected by Cambodia’s 
Inland Fisheries Research and Development Insti-
tute are used in several studies on topics ranging 
from fisheries trends to deforestation and water 
quality. 

‘Scientists and nonscientists can easily 
read the scientific information to make 

their own informed conclusions 
about the state of the basin’

“The special issue in Water brings much-needed 
attention to the ever-growing pressures and chal-
lenges facing the Lower Mekong River Basin,” said 
Dr Sudeep Chandra, 
a guest editor of the 
special issue who is 
also co-lead investi-
gator at the Wonders 
of the Mekong project 
and director of the 
Global Water Center 
at the University of 
Nevada, Reno. “We 
selected this journal 
because it is open ac-
cess, which means 
scientists and nonsci-
entists can easily read 
the scientific informa-
tion to make their own 
informed conclusions 
about the state of the 
basin.”

Dr Flavia Tromboni, 
the other guest edi-
tor who is also a re-
search associate pro-
fessor at the Global 

Water Center and the Department of Biology at the 
same university, said the special issue in Water 
had a “very high level of participation” from authors. 
“Twelve articles have been already published, em-
bracing different areas and topics but all under the 
umbrella of understanding and preserving the Me-
kong River Basin,” she said. “This highlights how a 
lot of research is being carried out in the area and 
this special issue is aimed at joining the scientific 
discussions between all different components.”

Fisheries and biodiversity research
Using commercial fishing lot data from 1996 to 
2000 and environmental data, Dr Chan Bunyeth 
and colleagues described the spatial distribution 
of commercially important fish species in the Tonle 
Sap Lake, and examined the influence of environ-
mental factors on fish. They found strong variation 
in fish biomass across areas and between species, 
with some areas consistently supporting high fish 
biomass. It shows that the Tonle Sap Lake has cer-
tain areas should be considered as high priority for 
management and conservation given their signifi-
cance to fisheries and as core fish habitats. 

‘Mollusc diversity was lowest in 
upstream tributaries, higher in upstream 

main channels, and highest in downstream 
channels and the Mekong Delta’

Another study, by Sor Ratha and colleagues, fo-
cused on the environmental drivers of mollusc 
biodiversity and distribution in the Lower Mekong 
Basin. The region has a very high diversity of mol-
luscs, which support fisheries and livelihoods. The 
study showed mollusc diversity was lowest in up-
stream tributaries, higher in upstream main chan-
nels, and highest in downstream channels and the 
Mekong Delta. Given the potential spread of inva-
sive alien species, the authors recommended fur-
ther ecological research and regular monitoring of 
mollusc populations.

Analysing one year of daily fish catch data by 
the Cambodian research institute at 32 sites, Pin 
Kakada and colleagues identified 125 fish species 
in four distinct biogeographic species clusters in 
Cambodia. While high-diversity fish assemblages 
were found in the upper Mekong system and the 
southern Tonle Sap Lake, lower diversities were 
observed in the Mekong River around Kratie and 
the northern area of the Tonle Sap Lake. The re-

Dr Chandra

Dr Tromboni
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Aerial view of a floating fishing village with arrow-head traps on the Sangker River during the wet season in 2020. Located in Battambang Province in 
northwest Cambodia, the river is a major tributary of the Tonle Sap Lake.

Photo: Chhut Chheana / USAID Wonders ofthe Mekong
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sults also indicated strong seasonal species turno-
ver within clusters. 

‘Cambodian fishers reported large declines 
in abundance and body sizes of megafishes, 

with maximum weights as little as 
11 percent of their recorded maximums’

Freshwater megafishes are among the most en-
dangered fish species in the world, and many occur 
in the Lower Mekong River Basin. Teresa Campbell 
and colleagues collected data on population abun-
dance and body-size trends for eight megafishes in 
northern Cambodia — thought to be a last strong-
hold for giant catfishes and stingrays. Cambodian 
fishers reported large declines in abundance and 
body sizes of megafishes, with top weights as little 
as 11 percent of their recorded maximums. Illegal 
fishing and electrofishing were the most prevalent 
threats identified by fishers.

Knowledge about the movement of wild catfishes 

in the Mekong is generally scant. In a major pilot 
study, George Naughton and colleagues monitored 
the movements of 20 catfishes in the Mekong in 
northern Thailand for up to a year. While the long-
est total movement was 88.3 km, the authors found 
that the catfishes used the entire water column, 
and could often be found in very deep pools. In one 
case, a fish was recorded at a depth greater than 
any previously known in that stretch of the river. 
Several new telemetry studies to build on these re-
sults are now being prepared. 

Management shifts and human impacts
In the Tonle Sap Lake, commercial fishing lots were 
abolished in 2012, with the lake opened up for com-
munity fishing. To analyse the impact of reforms 
on fisheries, Chan Bunyeth and colleagues com-
pared fish assemblage structure during two periods 
before and after the abolition of fishing lots. They 
found stable catch trends before and decreasing 
trends after the reform. Results also showed a shift 
from large-bodied and migratory species to smaller 

Pin Kakada holding a freshly-caught Indochina featherback (Chitala blanci) from the Mekong River in Osvay District in Stung Treng Province in 2020. 
The PhD candidate and his colleagues identified 125 different fish species in four distinct biogeographic species clusters in Cambodia. As part of the 
special issue of Water, Kakada was the lead author of a study on fish-assemblage structure and distribution patterns published in September last year. 
He also co-authored an earlier study on Mekong megafishes published by the journal in June. 

Photo: Chhut Chheana / USAID Wonders ofthe Mekong
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Cambodian researcher Nut Savat (left) examines water taken from the Mekong River in Kandal Province in 2018 as fellow researchers Chhuoy Samol 
(middle) and Dr Sudeep Chandra (right) look on. The team is preparing water samples for gas analysis to measure carbon dioxide, a greenhouse gas. 
It is thought that the Mekong River could be a major contributor to greenhouse gas emissions. As part of the special issue of the journal Nature, Savat 
co-authored a study on fish-assemblage structure and distribution patterns published in September last year (see page 27).

Photo: Chhut Chheana / USAID Wonders ofthe Mekong
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and more resilient non-migratory species able to 
withstand increased fishing pressure. 

‘Northern Thailand and Lao PDR should be 
considered as a high priority area since it 

harbors several endangered and 
long-distance migratory fishes’ 

Using a data set spanning more than 10 years from 
25 monitoring sites throughout the Lower Mekong 
Basin, Nuon Vanna and colleagues recorded 571 
fish species, of which 119 were identified as species 
indicators — species that mainly comprise a com-
munity. They observed the highest species richness 
and diversity in the floodplains of the Tonle Sap 
and Songkhram in Thailand as well as the Mekong 
River below the Khone Falls in Lao PRR and the 
3S rivers, major tributaries originating in Viet Nam 
that flow into the Mekong in northern Cambodia. 
The authors suggested these areas deserve higher 
management priority. Likewise, northern Thailand 
and Lao PDR should be considered as a high prior-
ity area since it harbors several endangered and 
long-distance migratory fishes. Fish communities 
located far from hydropower dams remained mostly 
unchanged compared to those close to the main-
stream and tributary dams.

Lohani Sapana and colleagues investigated pat-
terns of deforestation in Cambodia and portions of 
neighbouring Lao PDR and Viet Nam that form the 
upstream stretches of 3-S system which comprises 
the Srepok, Sesan and Sekong rivers. The study 
showed that almost 19 percent of primary forest in 
this region was lost between 1992 and 2017. The 
greatest proportional deforestation occurred in the 
Tonle Sap floodplain forest, where 31 percent was 
lost. Given the importance of the flooded forest to 
the Tonle Sap ecocystem, the authors highlighted 
the urgent need for increased protection in these 
areas.  

Freshwater protected areas are common in the 
Lower Mekong Basin, but their effects have rare-
ly been empirically investigated. Erin Loury and 
Shaara Ainsley looked at published literature to 
provide guidance on the evaluation of community-
managed freshwater protected areas in the ba-
sin. Key conclusions included that such reserves 
should be established with clearly defined objec-
tives. These should determine the selection of indi-
cators to evaluate whether the protected areas are 
achieving their goals. Indicators of socioeconomic 

and governance performance are often overlooked 
in evaluations of freshwater protected areas com-
pared with biophysical indicators. Interdisciplinary 
assessment teams could ensure these indicators 
receive adequate consideration.

While many studies focus on localised impacts of 
hydropower projects in the Lower Mekong system, 
few have emphasised widespread effects. Akarath 
Soukhaphon and colleagues examined impacts 
of hydropower on fish migrations, river hydrology, 
and sediment transfers. They found that Mekong 
dams often negatively affect riparian communities 
as much as 1,000 km away. While social and envi-
ronmental impact assessments have been carried 
out for these projects, these assessments are often 
incomplete and should include greater considera-
tion of the scale and cumulative impacts of dams.
Analysing 46 papers and reports from the past 
three decades, Sarah Null and colleagues synthe-
sised aquatic and riparian environmental losses 
from current, planned and proposed hydropower 
dams in the 3S region. They found that most stud-
ies focused on topics such as hydrologic change 
and sediment alteration — with far less attention 
paid to freshwater fish diversity and trophic ecology. 
The authors say trade-off analyses should include 
environmental objectives by representing organ-
isms, habitats, and ecosystems to quantify environ-
mental costs.

Nicholas Souter and colleagues diagnosed the 3S 
River Basin’s current and likely future level of fresh-
water health using the global Freshwater Health 
Index as a score card. With December 2016 as a 
baseline, ecosystem vitality scored 66 and ecosys-
tem services achieved 80 out of a possible 100. 
Governance and stakeholders recorded 43. The 
authors said that while the Sekong, Sesan and Sre-
pok region provides many desired ecosystem ser-
vices, it shows signs of environmental stress, un-
developed water governance systems, and limited 
stakeholder engagement. 

‘While the Sekong, Sesan and Srepok region 
provides many desired ecosystem services, 

it shows signs of environmental stress, 
undeveloped water governance systems, 

and limited stakeholder engagement’

“The pressing issues in the Mekong include big 
grand challenges that need to be addressed imme-
diately if we are to sustain the natural biodiversity 

Research
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MRC Fisheries and Aquatic Ecology Officer Nuon Vanna and Tonle Sap Authority staff sampling fish with local fishers on the Tonle Sap Lake in 
Cambodia in 2018. The sampling — part of a fish abundance and diversity monitoring programme — contributed to a study on fish community 
responses to human-induced stressed in the Lower Mekong Basin. Nuon Vanna was lead author of the study which was published in December last 
year as part of the special issue of Water. Among the other authors was Dr Ngor Peng Bun, the former capture fisheries specialist at the MRC who 
now works as fish community ecologist at Cambodia's Inland Fisheries Research and Development Institute in partnership with the Wonders of the 
Mekong project in Phnom Penh.
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and cultural diversity in the ba-
sin,” Dr Chandra said. “This spe-
cial issue has many papers ad-
dressing these challenges with 
some of them offering solutions 
on how to understand the ambi-
ent health of the ecosystem and 
protect native biodiversity.” 

All research in the special issue 
of Water is open access and 
available free-of-charge at htt-
ps://www.mdpi.com/journal/wa-
ter/special_issues/Mekong_Riv-
er. The deadline for manuscript 
submission is 30 April, 2021.

* Dr Hogan is the lead coordinator and inves-
tigator of the Wonders of the Mekong project, 
a fellow of the National Geographic Society 
and a research professor at the Global Wa-
ter Center at University of Nevada, Reno. Mr 
Lovgren is a frequent contributor to National 
Geographic. He often writes about fresh-
water conservation and covers the Mekong 
River as part of the USAID-funded Wonders 
of the Mekong project.

Further reading

Campbell, T.; Pin, K.; Ngor, P.B.; Hogan, Z. (2020) Conserv-
ing Mekong Megafishes: Current Status and Critical Threats in 
Cambodia. Water 12, 1820. 

Chan, B.; Brosse, S.; Hogan, Z.S.; Ngor, P.B.; Lek, S. (2020) 
Influence of Local Habitat and Climatic Factors on the Distribu-
tion of Fish Species in the Tonle Sap Lake. Water 12, 786.

Chan, B.; Ngor, P.B.; Hogan, Z.S.; So, N.; Brosse, S.; Lek, S. 
(2020) Temporal Dynamics of Fish Assemblages as a Reflec-
tion of Policy Shift from Fishing Concession to Co-Manage-
ment in One of the World’s Largest Tropical Flood Pulse Fish-
eries. Water 12, 2974

Lohani, S.; Dilts, T.E.; Weisberg, P.J.; Null, S.E.; Hogan, Z.S. 
(2020) Rapidly Accelerating Deforestation in Cambodia’s Me-
kong River Basin: A Comparative Analysis of Spatial Patterns 
and Drivers. Water 12, 2191.

Loury, Erin K.; Ainsley, Shaara M.(2020) "Identifying Indicators 
to Evaluate Community-Managed Freshwater Protected Areas 
in the Lower Mekong Basin: A Review of Marine and Freshwa-
ter Examples" Water 12, No. 12: 3530.

Naughton, G.P.; Hogan, Z.S.; Campbell, T.; Graf, P.J.; Far-
well, C.; Sukumasavin, N. (2021) Acoustic Telemetry Monitors 
Movements of Wild Adult Catfishes in the Mekong River, Thai-
land and Laos. Water 13, 641. 

Null, S.E.; Farshid, A.; Goodrum, G.; Gray, C.A.; Lohani, S.; 
Morrisett, C.N.; Prudencio, L.; Sor, R. (2021) A Meta-Analysis 

of Environmental Tradeoffs of Hydropower Dams in the Se-
kong, Sesan, and Srepok (3S) Rivers of the Lower Mekong 
Basin. Water 13, 63.

Nuon, V.; Lek, S.; Ngor, P.B.; So, N.; Grenouillet, G. (2020) 
Fish Community Responses to Human-Induced Stresses in 
the Lower Mekong Basin. Water 12, 3522. 

Pin, K.; Nut, S.; Hogan, Z.S.; Chandra, S.; Saray, S.; Touch, 
B.; Chheng, P.; Ngor, P.B. (2020) Cambodian Freshwater 
Fish Assemblage Structure and Distribution Patterns: Using a 
Large-Scale Monitoring Network to Understand the Dynamics 
and Management Implications of Species Clusters in a Global 
Biodiversity Hotspot. Water 12, 2506.

Sor, R.; Ngor, P.B.; Boets, P.; Goethals, P.L.M.; Lek, S.; Hogan, 
Z.S.; Park, Y.-S. (2020) Patterns of Mekong Mollusc Biodiver-
sity: Identification of Emerging Threats and Importance to Man-
agement and Livelihoods in a Region of Globally Significant 
Biodiversity and Endemism. Water 12, 2619.

Soukhaphon, A.; Baird, I.G.; Hogan, Z.S. (2021) The Impacts 
of Hydropower Dams in the Mekong River Basin: A Review. 
Water 13, 265.

Souter, N.J.; Shaad, K.; Vollmer, D.; Regan, H.M.; Farrell, T.A.; 
Arnaiz, M.; Meynell, P.-J.; Cochrane, T.A.; Arias, M.E.; Piman, 
T.; Andelman, S.J. (2020) Using the Freshwater Health Index 
to Assess Hydropower Development Scenarios in the Sesan, 
Srepok and Sekong River Basin. Water 12, 788.

From left: Dr Sor Ratha, Pin Kakada and Dr Chan Bunyeth in Siem Reap in January this year. For the 
special issue of Nature, Dr Ratha was lead author for a study on the biodiversity of Mekong molluscs 
and co-author of another paper on the environmental trade-offs of hydropower dams in the Mekong, 
Sesan, Sekong and Srepok rivers. Dr Bunyeth was lead author for a two studies  ̶  on habitat and 
climatic influences on fish species distribution in the Tonle Sap Lake and on temporal dynamics of fish 
assemblages as a reflection of the shift from fishing concessions to co-management in Cambodia. 

Photo: Chhut Chheana / USAID Wonders of the Mekong
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The right to a healthy environment
A new book finds that ASEAN members 

 have several options to strengthen their right 
to a healthy environment. Written by 13 law 
and policy researchers — including  from 

Cambodia, Thailand and Viet Nam— the book 
was launched in Bangkok on 1 December last 

year. Below is a summary of the book, 
Prosperous and green in the Anthropocene: 
The human right to a healthy environment in 

Southeast Asia, published by Sweden’s 
Raoul Wallenberg Institute of Human 

Rights and Humanitarian Law. 

For the first time in human history, people are col-
lectively modifying the Earth’s environment and 
ecosystems on a global scale. Some scholars sug-
gest the world is entering a new geological era, the 
Anthropocene, in which Earth systems are moving 
into a risky and unstable state as a result of peo-
ple’s impacts on the environment.
 
The social-ecological crises we are experiencing 
do not affect all people in the same way. People in 
already vulnerable situations are experiencing the 
most severe impacts, although they may bear least 
responsibility for these changes. Humanity must 
shift towards new ways of living through just and 
sustainable pathways. Successfully tackling these 
challenges at the global, regional, and national lev-
els will require the collaboration of law and policy 
makers, scholars, and practitioners who bring with 
them diverse life experiences, expertise, and place-
based knowledge. 

Like other regions of the world, Southeast Asia is 
faced with unprecedented social-ecological chal-
lenges. Events, such as the rapid emergence and 
spread of the COVID-19 virus, have wide-ranging 
implications for both human rights and the environ-
ment. As countries seek to solve such problems 
within and beyond their borders, effective human 
rights and environmental legal and policy frame-
works are needed to support and coordinate efforts 
in line with international cooperation norms. 

Recognising the human right to a healthy environ-
ment helps protect people and nature, and ensures 
the conditions for continued sustainable develop-
ment and prosperity. Southeast Asian countries 

have already taken important steps towards main-
streaming human rights and sustainability through 
their legislative systems and institutions, setting a 
framework for the Association of Southeast Asian 
Nations (ASEAN) to strengthen current approaches 
as a regional body through its existing human rights 
instruments and regional environmental agree-
ments. 

Substantive elements 
Most Southeast Asian countries recognise substan-
tive elements of the right to a healthy environment in 
their national laws and regulations, with references 
to clean air, clean water and adequate sanitation, 
a safe climate, and healthy biodiversity and eco-
systems. Other elements of the right to a healthy 
environment, specifically healthy and sustainably 
produced food, and to live, work, study and play in 
a non-toxic environment, are recognised at the in-
ternational level, but have been given relatively less 
attention in Southeast Asia. Yet, all elements of the 
right to a healthy environment are connected. For 
example, a non-toxic environment is a condition 
for having clean water and productive soil. Healthy 
ecosystems and biodiversity underpin all the ele-
ments of the right to a healthy environment. 

Four Southeast Asian countries have explicitly rec-
ognised the human right to a healthy environment 
in their domestic laws, and one country has implicit-
ly recognised this right. Five other Southeast Asian 
countries do not explicitly recognise the human 
right to a healthy environment. The Philippines and 
Thailand lead the region in elaborating the content 
of the right to a healthy environment through court 
decisions. Some other countries also reflect the 
recognition of this right through various legal and 
policy mixes. No country in the region has taken a 
stance against recognition. 

Procedural elements 
The procedural dimensions of the human right to a 
healthy environment include access to information, 
public participation in environmental decision mak-
ing, including the right to participate in environmen-
tal impact assessment (EIA) of large development 
projects, and access to justice and remedies -not 
least when local communities are at risk of environ-
mental harm. 
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The book finds that local customs and gendered norms require that women and girls take responsibility for finding and fetching water for household 
use. Lack of access to a clean and safe water supply creates a burden on women and girls, who must spend their time searching for clean water for 
drinking and cooking, and must carry heavy buckets over long distances. Rather than working or attending school on time as boys do—a target under 
SDG 4 on education—girls are often charged with spending hours each day making sure there is water in the home. Women and girls are often most 
responsible for water management, food security and nutrition provision (SDG 2 on ending hunger).

Photo: Hưng Nguyễn Việt/Unsplash
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There is evidence from Southeast Asia that do-
mestic provisions for accountability under environ-
mental rule of law and national human rights insti-
tutions have been helpful in safeguarding the right 
to a healthy environment. Seven out of 10 ASEAN 
Member States have such domestic provisions, 
and five out of 10 have such national institutions. 

In some instances, civil society actors in Southeast 
Asian countries have successfully invoked existing 
national laws and policies to assert their right to a 
healthy environment. Such cases have enabled 
indigenous and local communities to secure land 
tenure over their ancestral lands, avoid pollution of 
biodiversity-rich marine areas upon which people’s 
livelihoods depend, and protect the rights of future 
generations. Recent innovations, such as elec-
tronic access to information in Viet Nam and agrar-
ian land reform in the Philippines, hold promise for 
promoting implementation of the right to a healthy 
environment. 

Women’s roles and contributions 
Women’s contributions, participation and represen-
tation in public decision-making processes have 
promoted the well-being and security of families 
and communities in rural and urban settings, and 
have furthered environmental sustainability. How-
ever, only a few ASEAN countries have legally 
committed to ensuring a significant percentage of 
women’s participation in various sectors and levels 
of public decision making. Most countries provide 
for women’s participation through policies and stra-
tegic plans, although laws covering substantive and 
procedural rights would offer stronger protection. 

The rights and roles of women should be recog-
nised and enabled through legal provisions, and 
women should be seen as agents of change rather 
than victims in achieving the enjoyment of the hu-
man right to a healthy environment in national, re-
gional and international processes. 

ASEAN institutional arrangements 
The 2012 ASEAN Human Rights Declaration 
(AHRD) reflects some elements of the right to a 
healthy environment in its use of the terms ‘safe,’ 
‘clean,’ and ‘sustainable.’ However, subsequent 
ASEAN legal and policy instruments, such as the 
ASEAN community blueprints, have not expanded 
on these elements, and the region lacks a review 
mechanism to ensure consistent interpretation and 
implementation. 

ASEAN’s regional human rights body, the ASEAN 
Intergovernmental Commission on Human Rights 
(AICHR), could help promote the recognition of the 
right to a safe, clean, and sustainable environment 
in countries that have not yet recognised this right, 
and could promote implementation in all ASEAN 
countries. To do this effectively, ASEAN would ben-
efit from reviewing and expanding the AICHR’s 
mandate and scope of work to include, for exam-
ple, receiving and investigating human rights com-
plaints, which would be complementary to its cur-
rent promotional mandate. The AICHR’s areas for 
improvement also include strengthening its inde-
pendence and building further expertise on issues 
concerning a healthy environment. 

ASEAN could also choose to establish a review 
mechanism on the right to a safe, clean, and sus-
tainable environment, and could engage with both 
state and non-state actors concerning their obli-
gations to respect, protect and fulfil human rights. 
These responsibilities would include heightened 
obligations towards vulnerable groups to make 
a healthy environment a reality for all people of 
Southeast Asia. 

International and other regional models 
ASEAN has the opportunity to learn from a variety 
of legal and institutional arrangements to further de-
velop its regional instruments and institutions in line 
with international standards and the progressive in-
terpretation of human rights. Several instruments 
have elaborated further than ASEAN instruments 
the right to a healthy environment. These include:
 
• the Espoo Convention and its associated Kyiv 

Protocol on Strategic Environmental Assess-
ment, which address EIA in a transboundary 
context; 

• the Convention on Access to Information, Pub-
lic Participation in Decision-Making and Access 
to Justice in Environmental Matters (the Aarhus 
Convention); and 

• the Escazú Agreement in Latin America and the 
Caribbean region, which addresses concerns of 
the Aarhus Convention within a regional context. 

Existing ASEAN instruments are relatively weaker 
than these models and provide less clarity on who 
can access information, in what context public par-
ticipation should take place, and how decisions 
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made in national court systems can be enforced 
and implemented in the region. 

One approach to strengthening the right to a healthy 
environment at regional and national levels could 
be an ASEAN regional agreement on access to in-
formation, public participation and access to justice. 
This could support Member States’ domestic and 
regional efforts to ensure the safety of environmen-
tal human rights defenders, promote the rights of 
women and girls, provide a foundation for engaging 
civil society in environmental governance, and pro-
mote the accountability of both state and non-state 
actors, including those in the business sector. 

Conclusion 
There are several options open to ASEAN and its 
Member States to strengthen the right to a healthy en-
vironment. Countries could individually become party 
to the Aarhus Convention, which is open for global sig-
nature. ASEAN Member States could adopt a regional 
convention that is tailored to the regional context, and 
that addresses substantive and procedural elements 
of the right to a healthy environment. Alternatively, 
Member States could negotiate a regional agreement 
that focuses on countries’ procedural rights, while 
recognising that both substantive and procedural ele-
ments are interconnected. Member States could also 

In a statement accompanying the book’s re-
lease in Bangkok in December, the Raoul Wal-
lenberg Institute noted that ASEAN countries 
ranked among the highest in the world for forest 
and mangrove loss. They are also among world 
leaders in terms of extinction of plant and animal 
species, climate-related disasters, household air 
pollution and smoke from forest fires. “The report 
shows how governments and judicial systems in 
the ASEAN region have recognised the right to a 
healthy environment in laws, policies and court 
decisions and proposes options for strengthen-
ing implementation,” the statement said.

Lead author Claudia Ituarte-Lima said the book 
highlighted that “several Southeast Asian coun-
tries, to their credit, have taken important steps 
in recognising the right to a healthy environment. 
However, progress made by governments, law-

Covid-19 requires 'deep, systemic change' to make healthy environments a reality for all

makers and courts is not always well-recognised 
or published internationally,” she said.

At the same time, “women and youth organisa-
tions are leading important initiatives as rights-
holders.They are providing important lessons 
about protecting our right to a healthy environ-
ment, not only for people now, but also for future 
generations.This publication is a valuable refer-
ence for all who are seeking to understand the 
ASEAN landscape of environmental rights.”

Ituarte-Lima added that the current race to meet 
Covid-19 challenges “requires deep, systemic 
change to make healthy environments a reality 
for everyone. “Recognising the right to a healthy 
environment highlights what is at stake — and 
ensures no one gets left behind in this race,” she 
said.

revise the AICHR’s terms of reference to enable it to 
receive and investigate complaints. 

Finally, Southeast Asian countries’ participation 
in various multilateral environmental agreements 
(MEAs) and human rights conventions could be 
opportunities for further synergies between human 
rights and environmental law. This could be achieved 
through ASEAN joint statements, regional coordina-
tion of MEA commitments, and presentation of ASE-
AN joint universal periodic reviews (UPRs) under 
the various human rights conventions, in addition to 
Member States’ national UPR submissions. 

Southeast Asian countries and ASEAN can play a 
strategic and proactive role towards the global rec-
ognition of the right to a healthy environment at the 
United Nations. Such a milestone, if reached, would 
be a victory for both people and nature. 

Further reading
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Covid-19 impacts on freshwater fish diversity
A new study looks at how existing threats, 
conservation and management are being 
affected by the pandemic and what needs
 to be done to offset the negative impacts. 

The authors also suggest possible 
scenarios over the next five years.

In January this year, the journal Biological Conser-
vation published a paper on the impacts of Covid-19 
on freshwater fish diversity. The authors, a team of 
global experts in freshwater fish biodiversity and 
conservation, aimed to see how the pandemic had 
influenced — or might influence — wild freshwater 
fish populations in areas such as health, abundance 
and diversity. “There are many existing and widely 
acknowledged threats to freshwater fish popula-
tions,” the paper said, noting that Covid-19 may in-
crease or decrease threats such as pollution, dams, 
climate change, overfishing and invasive species. 
The paper also considered how the pandemic had 
affected assessments, research, compliance moni-
toring and management. It concluded by assessing 
management and policy responses to ensure that 
fish populations and biodiversity are conserved and 
continue to benefit future generations. Below is a 
summary of the paper.

Existing threats
Invasive species
On the positive side, the paper found that reduced 
transport was likely to lead to declines in invasive 
species being spread via pathways like ballast 
water exchange, air transport, movement of fresh 
foods and recreational activities. “We expect the 
economic recovery following Covid-19 may slow 
the pace of invasions, at least in the short term,” 
the team said. “On the other hand, Covid-19 has 
led to significant budget reductions for controlling 
the spread of invasive fishes from intentional intro-
ductions, aquaculture releases, and unintentional 
transport.” Moreover, community science programs 
have largely ceased because of lockdowns, reduc-
ing the ability to notice new or track existing inva-
sive species. The authors expect this will “ultimately 
decrease science literacy and dampen attitudes to-
wards invasive species in the long-term.”

Pollution
Lockdowns and industry closures have potentially 
reduced discharge of nutrients, heavy metals, and 
other chemicals to water bodies. “These reductions 
in water pollution will have positive effects on aquat-
ic organisms and their habitats,” the paper said. 

“However, the pandemic 
has also increased pollu-
tion impacts on freshwa-
ter fishes.” Dumped food 
and drink waste in Britain, 
for example, has entered 
waterbodies, potentially 
depleting oxygen levels. 
“Elsewhere, altered sew-
age pollution patterns or 
collapse of the sewage 
systems could be a major 
detriment to aquatic bio-
diversity,” the paper said. 
Increased use of disin-
fectants is meanwhile 
likely to have increased 
their presence in freshwa-
ter systems through run-
off and wastewater dis-
charge, and pollution from 
packaging and personal 
protection equipment has 

Discarded masks in a water body near the Mekong mainstream in March this year.

Photo: Thou Phearum
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Source: Cooke et al. (2021)
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Greenfield foreign investment in renewable 
energy exceeded flows into fossil fuels for the 
first time in 2020, fDi Intelligence reported on 
February 5. The affiliate of the London-based 
Financial Times newspaper said foreign direct 
investment in renewables was $85.5 billion 
last year, down 11.2 percent from 2019. That 
compares with $44.1 billion in coal, oil and 
gas, down nearly 62.3 percent. 

The report said data from information services 
company IHS Markit showed that global capi-
tal expenditure in renewables excluding hydro-
power grew two percent from a year earlier in 
2020, suggesting that foreign direct investment 
was “just one part” of the sector’s resilience to 
Covid-19. “This resilience is explained in part 
by its independence from fuel prices, which col-
lapsed in 2020 as lockdowns dried up demand 
and a spat between oil-producing countries led 
to a glut of supply,” the report said. “Another 
driver is clean energy’s growing cost-competi-
tiveness.” IHS Markit executive director Edurne 
Zoco was quoted as saying that 2020 was a 
"turning point" in energy transition. “The stead-
ily declining capital cost of renewables makes 
capital increasingly efficient," she said.

Further reading

Miles, D (2021) Energy transition reaches transition point 
in 2020. 5 February 2021. fDi Intelligence, Financial 
Times Ltd, London.

Turning point for energy in 2020

assessment processes are being side-stepped,” 
the paper said. “It is possible proponents of devel-
opment projects will attempt to take advantage of 
a swamped news-cycle, decreased environmen-
tal assessment capacity, and a need for economic 
growth following the lockdown to push forward con-
troversial projects.”

Flow regulation
Demand for agricultural water initially fell during the 
pandemic due to impacts on supply and trade and 
reduced availability of farm labor. “It appears water 
bodies near large metropolitan areas would have 
experienced reductions in water extraction, while 
water bodies sourcing primarily residential areas 
have experienced moderate increases,” the paper 
said. Amid food security fears, countries including 
Cambodia are considering increasing domestic 
food production including irrigated agriculture (see 
box on opposite page). Increased water use might 
lead to losses in fish productivity, increased risk of 
poor water quality and fish kills, and reduced cues 
for spawning, recruitment and movements. The pa-
per noted that reduced use of fossil fuels had been 
accompanied by a shift towards renewable energy 
including hydropower (see box at left). But hydro-
power production seems to have changed little dur-
ing the crisis. With regulated flows sustained, “little 
relief from the impact of hydropower on freshwater 
fish populations and biodiversity is expected.”

Habitat loss and alteration 
Key stressors of freshwater habitats have both de-
clined and increased under Covid-19. In India, re-
duced pollution and commercial activity were pre-
dicted to improve habitat quality and help spawning 
migrations of hilsa (Tenualosa ilisha)*. Reduced im-
pacts may help rejuvenate these systems. But “ef-
forts to kick-start economies will aggravate threats 
and intensify habitat loss,” the paper said.  “Indeed, 
many examples exist where habitats and entire eco-
systems suffered greater damage during Covid-19.” 
The authors noted that sand mining — an emerging 
threat to freshwater ecosystems — had increased 
in India due to reduced enforcement mechanisms. 
But sand mining fell considerably in other parts of 
South Asia amid lockdowns and mobility issues. In 
the Amazon, deforestation rates from January to 

* This species is from the same genus as the Laotian shad (Tenualosa 
thibaudeaui), a native Mekong species listed as vulnerable (VU) by the 
International Union for the Conservation of Nature (IUCN), meaning it 
faces a high risk of extinction in the wild in the medium-term future.

also increased. As single-use plastics are a key 
source of microplastics in fresh waters, “such ac-
tions will likely contribute to more plastic pollution 
entering waterways.” At the same time, “disruption 
to the monitoring, control, and surveillance of fresh-
water ecosystems could further increase pollution 
risks from certain unregulated human activities or 
fail to detect accidental pollution events altogether.”

Fragmentation
The slowdown of industrial activities has slowed hy-
dropower projects and suspended further fragmen-
tation of freshwater ecosystems. “However, as re-
gions prioritise economic recovery post-pandemic, 
there is evidence that environmental legislation and 
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The paper published by Biological Conservation 
in January referenced remarks made by Cam-
bodian Prime Minister Samdech Techo Hun Sen 
during a visit to a government  fisheries research 
and development center at Bati in Prey Veng 
Province  on July 14 last year. During his address, 
the prime minister stressed that Covid-19 was an 
opportunity for both agriculture and aquaculture. 

“Cambodia still has great potential since it has 
about four million hectares of land for cultivation 
for rice and other crops,” he said. “We are work-

ing to move quickly to transform the Covid-19 
crisis into opportunities in agriculture.” The prime 
minister said that 73 percent of Cambodians 
were still engaged in agriculture and that people 
were returning to farming  given that an estimat-
ed 170,000 workers had lost their jobs. He also 
noted expanding markets for Cambodian farm 
produce such as rice, mangos, cassava and ba-
nanas in China, South Korea and Japan. 

The prime minister said irrigation now extended 

Prime minister says crisis brings opportunities for Cambodia

to 62 percent of the country’s cultivated land 
up from only 7 percent in the 1980s. “By build-
ing waterways and irrigation such as canals etc, 
we have created favourable conditions for more 
fish,” he said. “

“It is now time for our farmers to engage in aq-
uaculture,” the prime minister said,  highlighting  
the need for “more expertise” in aquaculture. 
He added that the government was promoting 
the farming of fish, frogs and prawns and would 
make available $500,000 for a trial period. “We 

can no longer depend on fish 
from natural systems such as 
the Tonle Sap, the Mekong, the 
Bassac or lakes anymore.”
  
Samdech Hun Sen also stressed 
the need for Cambodian farm-
ers to learn from Viet Nam 
and Thailand. “The main pulse 
of our economy is to feed our 
people – to have rice in cook-
ers and to have fish to go with 
it,” he said. “We have no way 
of knowing how long Covid-19 
will be here but we must take 
urgent and effective measures 
to promote cultivation, animal 
husbandry.” The prime minister 
noted that Cambodia already 
exported dried fish. “Both Viet 
Nam and Thailand have high 
capacity in aquaculture and ani-
mal husbandry,” he said, noting 
that Vietnamese exports of pro-
cessed fish amounted to billions 
of dollars. “We must learn from 

our neighbours,” he said, “and introduce new and 
innovative technology in agronomy and  aquacul-
ture to curriculums in our agricultural schools and 
universities.”

Further reading

Cambodia New Vision (2020) Selected Comments Sam-
dech Techo Hun Sen, at the Visit to the Bati Fish Species 
Research and Development Centre (FSRDC), Prey Veng 
Province [Unofficial Translation]. 14 July, 2020. Office of the 
Council of Ministers, Phnom Penh.

Prime Minister Samdech Techo Hun Sen speaking at the Bati fisheries research 
and development centre in Prey Veng Province on July 14.

Photo: Office of the Council of Ministers
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Source: Cooke et al. (2021)

April 2020 increased 55 percent from a year earlier 
due to reduced enforcement, intensifying pressures 
on the already vulnerable freshwater ecosystems.

Climate change 
The team of experts found that declines in global 
emissions caused by Covid-19 could reduce cli-
mate impacts over the short term, indirectly benefit-
ting freshwater fishes. This could translate to longer 
term change if economic recovery efforts embrace 

“new climate policies that drive further reductions 
in energy use and shifts to clean energy.” the pa-
per said. At the the same time, working from home 
could be a “significant longer-term change that re-
duces emissions.” Covid-19 has meanwhile shown 
that dramatic reductions in carbon emissions are 
possible if the social and political will exist. But 
short-term wins for the environment may be offset 
by other losses. “In Brazil, decreased emissions re-
lated to fossil fuels were offset by increased defor-
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estation in the Amazon,” the paper said. Elsewhere, 
environmental regulations have been rolled back. 
In California, for example, a law banning restau-
rants and grocery stores from providing single-use 
plastics to customers was suspended in April, 2020 
due to health concerns. Plastics have a large car-
bon footprint — they are energy-intensive to pro-
duce and transport, and contribute substantially 
to greenhouse gas emissions when incinerated. 
Given the impacts on freshwater fish, “diversion of 
attention from climate change may harm fish popu-
lations and the fisheries and communities that rely 
on them,” the paper warned. 

Exploitation
Small-scale freshwater fisheries were impacted by 
reduced demand during the initial phases of the pan-
demic, resulting in reduced harvests. The paper not-
ed that challenges in collecting data on small-scale 
fishing had limited analysis. But observed changes 
include changes in preference for local fishes, ex-
port bans on fish products and altered fisher behav-
iour. Over the longer term, "the impacts of Covid-19 
can be expected to amplify exploitation and unsus-
tainable fishing practices.” Job losses in urban ar-
eas and migrant workers returning to rural homes 
is expected to "increase fishing effort and may lead 
to practices that will impact negatively on imperiled 
fishes.” The paper also noted “evidence of increased 
illegal fishing activities because of reduced surveil-
lance and enforcement activities. Increased exploi-
tation has also been seen in recreational fisheries 
around the world as people under lockdown seek 
outdoor spaces and countries incentivize recreation-
al fishing as a socially-distanced activity.” In north-
ern Thailand, several communities blocked access 
to self-governed fish reserves by even compatriot 
anglers out of fear of Covid-19 locally, foregoing rev-
enues during the tourism season. “Lost income from 
decreased fishing tourism might be replaced by an 
increase in fishing effort to supplement food sources 
and income,” the paper said. 

Conservation and management
Enforcement and policy compliance
Enforcement measures, often supported by regu-
latory surveillance, were often restricted during 
lockdowns. In China, the paper said, enforcement 
has struggled to address increased illegal fishing 
which usually occurs between January and March. 

The authors noted that freshwater fisheries 
science and management were “inherently 
hands on” involving activities such as setting 
nets, identifying fish species in local markets 
or conducting door-to-door harvest studies in 
rural communities. These and other activities 
related to restoration and research, for exam-
ple, depend largely on trained fisheries profes-
sionals. Covid-19  has changed education with 
the cancellation of field-based internships and 
rapid transition to online instruction. 

“Some aspects of fisheries science training 
can be adapted to online formats with relative 
ease,” the paper says. “Yet we require fisher-
ies practitioners to interact directly with fish, 
habitats, and people … 

“Consequently, there is concern that there is 
a cohort of trainees that are currently moving 
through the system that may not have hands 
on training experiences needed to engage in 
various activities that span and integrate the 
natural sciences, health, humanities, and so-
cial sciences. Graduate students that are con-
ducting their research in 2020 may be delayed 
and mental health issues among this cohort 
are on the rise.”

“In the Anthropocene, we are in desperate 
need for the next generation of environmental 
professionals to be well equipped for solving 
complex problems,” the paper says. “That will 
be impeded if training is incomplete and limited 
to text books and videos.”  

At the same time, however, the rapid transition 
to online work “creates opportunities to normal-
ize virtual conferences and even participating 
remotely once in-person opportunities resume. 
Online formats have low barriers to participate 
and can increase engagement for those typi-
cally unable to travel due to financial burdens, 
other obligations, or both. Subsidies for inter-
national participation (particularly from Low 
and Middle Income Countries) and on-demand 
formats can accommodate asynchronous par-
ticipation across time zones.” 

Education and training

Continued on page 41 ...
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A new study has found that some supply chains, 
market segments, companies, small-scale actors 
and civil society showed initial signs of greater 
resilience to Covid-19 than others during the first 
few months of the pandemic last year. Published 
in the journal Global Food Security in February 
this year, researchers found that food retailers 
and supply chains selling shelf-stable and fro-
zen fisheries products did “well” following shifts 
in food sourcing. But live-fresh and high-value 
producers selling to restaurants were “particular-
ly hard hit,” the paper said. So was the informal 
sector in low-income countries where restrictive 
government responses to the crisis “prevented 
many actors from engaging in their livelihoods 
activities which could lead to less household in-
come and decreased food security.” 

“Maintaining and building diversity and connec-
tivity at the community, company, and coun-
try level are ways to build resilience and guard 
against bad outcomes,” the paper said, noting 
that communities with diverse networks were 
able to mobilize food aid and relief. “Strengthen-
ing local food systems, for example in India, is 
another way to build resilience in communities. 
Companies with diverse portfolios and connec-
tions to more markets could more easily switch 
between commodities or divert products at a 
global scale (e.g. Ecuadorian shrimp, Chinese 
tilapia) thus enabling them to continue their busi-
ness. Diversity and connectivity to markets at the 
country-level enables continuous supply.”

The paper highlighted a "continuing need for 
coping responses to maintain the sector’s core 
functions and protect vulnerable populations” 
reliant on the fisheries sector. “Some coping re-
sponses, such as removing normal restrictions 
on fishing or increasing fishing quotas, which 
result in over-harvesting, may be maladaptive 
or have unintended consequences,” it said. “Re-
sponses will vary across regions and countries 
reflecting the different levels of economic, social, 
and political capital available to address the im-
pacts across sectors … as well as the nature of 
the labor market. Informally employed workers, 
many of whom are women and migrants and are 

Early responses offer lessons for dealing with future food shocks

especially prevalent in Asia and Africa, are often 
omitted from social protection schemes and other 
entitlements.” 

To prevent future shocks and respond to factors 
such as climate change or political instability, the 
researchers stressed the importance of knowing 
when to shift from short-term coping to longer-
term adaptation and resilience building.“These 
shifts will be staggered in time as the pandemic 
progresses through countries and regions of the 
world. An additional consideration is how spe-
cialized adaptations should be,” the study said, 
adding that the fisheries sector’s increasing resil-
ience to future pandemics “may reduce general 
resilience to an unknown array of future shocks.”
 
‘Building forward better’
The study noted United Nations recommenda-
tions to use the Covid-19 shock as an opportunity 
to transform the food system to be more green, 
inclusive and resilient. Shocks are “windows of 
opportunity” for transformation, it said. The study 
also noted that the fisheries sector “does not 
work for all people” as it falls short in address-
ing concerns over environmental sustainability, 
social equity and nutrition security. “Returning to 
‘business as usual’ following this shock would be 
missing an opportunity to ‘build forward better’,” 
it said.

Ben Belton, one of the paper’s authors, said re-
building towards a more resilient food system 
required understanding the scope of recent dis-
ruptions, impacts, and range of responses. “Re-
searchers, policymakers and business can use 
the current responses combined with lessons 
from past shocks in order to build resilience,” 
said Belton, senior scientist for value chain and 
nutrition at WorldFish in Malaysia. “The paper 
proposes ways of learning from, anticipating and 
preparing for future impacts with a special focus 
on those most vulnerable,” he said.

Eddie Allison, another author who serves as the 
WorldFish Research Chair for Equity and Jus-
tice in the Blue Economy, said much could be 
learned about food systems in pandemics by 
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studying Covid-19-related shocks and responses in 
the aquatic food sector. “We are taking an approach 
to ‘build forward better’ not just get back to normal,” 
he said. “We must think beyond the obvious need 
to react and cope and learn from the more success-
ful coping strategies. Evaluating the success and 
failure of the temporary adjustments we saw at the 
start of the pandemic helps everyone in the sector 
think beyond the current crisis and start focusing on 
building longer-term resilience.”

Lead author David Love — an associate scientist 
at the Johns Hopkins Bloomberg School of Public 
Health in Baltimore —  said the fisheries sector had 
faced “many challenges” during the pandemic. “Our 
research can help the sector document the impacts 
as well as help the sector respond, learn, and be-
come more resilient to future shocks,” he said. “I 
am encouraged to see some businesses, institu-
tions, and groups showing signs of greater resil-
ience in the face of the pandemic, and hope the 
lessons they learn can be shared and more widely 
adopted.”

Recommendations
Among immediate strategic priorities, the paper 
recommended researchers:

• use survey tools to document and better under-
stand Covid-19 impacts on people working at all 
levels in value chains and consumers to support 
vulnerable actors in the system;

• learn from case studies of actors in the value 
chain that have adapted to shifts in supply and 
demand so their strategies can be more widely 
adopted; and 

• improve open data and data-sharing platforms 
to facilitate exchange of information about soci-
etal impacts of Covid-19 for more rapid and co-
ordinated responses to future shocks.

Among long-term strategic priorities, the paper rec-
ommended researchers:

• design future response strategies to support 
small-scale fish producers and traders, draw 

on lessons from social safety net programs in 
other food sectors, and experience with imple-
menting the human right to food;

• improve systems to track fish prices and trade 
volumes typically consumed by different types 
of consumers to reduce wasted fish and en-
able value chains to respond to consumer nu-
trition needs and demand preferences;

• focus resilience research on those parts of  
aquaculture and fisheries systems that sup-
ply populations most nutritionally dependent 
on fisheries and those which, through employ-
ment, support food security of low-income val-
ue chain actors;

• develop and apply an evaluation framework 
and resilience indicators for fisheries value 
chains that include social, economic and en-
vironmental aspects to identify and learn from 
resilience ‘hot-spots’;

• study temporal effects of the shock on employ-
ment in the sector, migration and adoption of 
technologies for production and processing to 
better design future crisis-coping strategies 
and recovery efforts; and 

• understand how the fisheries and aquaculture 
sectors may or may not be different from other 
food sectors from a resilience perspective for 
Covid-19 and other large-scale disturbances. 

Further reading

Love, David; Allison, Edward; Asche, Frank; Belton, Ben; 
Cottrell, Richard; Froehlich, Halley; Gephart, Jessica; Hicks, 
Christina; Little, David; Nussbaumer, Elizabeth; Pinto da Sil-
va, Patricia;  Poulain, Florence; Rubio, Angel; Stoll, Joshua; 
Tlusty, Michael; Thorne-Lyman, Andrew; Troell, Max; and 
Zhang, Wenbo (2021) Emerging COVID-19 impacts, re-
sponses, and lessons for building resilience in the seafood 
system. Global Food Security 28 (2021) 100494. 

WorldFish (2020). Early COVID-19 responses in the seafood 
sector offer crucial lessons for dealing with future shocks in 
food systems. 17 February, 2021. WorldFish, Penang, Ma-
laysia. 
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Source: Cooke et al. (2021)
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Reduced compliance with regulations “may have 
compromised the protection of some threatened 
species.” In many developing countries, poaching 
of large-bodied threatened fishes is likely to have 
increased “especially in areas where food sup-
ply chains and employment levels had collapsed.” 
Many pressures on freshwater fishes during lock-
downs likely relate to reduced compliance with har-
vest policies. The authors said food insecurity and 
reduced enforcement might have increased subsist-
ence fishing in many regions, including the Mekong 
and Zambezi systems. Some of this fishing may be 
illegal. In some regions of the world, surveillance 
was maintained for some species and regions such 
as national parks and protected areas.  Elsewhere, 
reduced travel has increased compliance.

Restoration activities 
Reduced human mobility has allowed for great-
er success of existing restoration actions. Many 
planned or ongoing restoration activities, however, 
have been reduced or postponed because of Cov-

id-19, particularly projects involving international 
travel. “Also, many activities involving volunteer 
groups have been suspended due to concerns 
about assembling large groups and because many 
such initiatives rely on volunteers in vulnerable age 
groups,” the paper said. In the longer term, the 
need to provide jobs in rural areas may provide  
new opportunities to link public works programs to 
restoration programs. The authors also noted that 
the pandemic had financial implications for institu-
tions such as public aquariums that rely heavily on 
ticket and membership sales, along with donations. 
Numerous NGOs that play a critical role in public 
communication of freshwater biodiversity issues 
and inspire the public to action “risk losing capacity 
to maintain the level of engagement.” 

Regulations 
During full lockdowns, recreational fishing was 
often initially classified as a non-essential activ-
ity while commercial and subsistence fishing was 
generally permitted as essential. Lobbying resulted 
in recreational fishing being given essential status 
in some jurisdictions and sales of fishing license 
sales appear to have increased in many jurisdic-
tions worldwide. The paper found that enforce-
ment of regulations “generally declined during the 
pandemic due to restrictions on travel and face-to-
face interactions by enforcement personnel.” Many 
agencies “relaxed certain reporting requirements 
and enforcement actions but not the regulations be-
ing enforced,” fueling speculation in many countries 
that there will be a push to relax regulations to aid 
economic recovery. On the other hand, the authors 
said, government programs to promote recovery 
may fast-track modernization of certain industries 
such as ‘smart irrigation’ technologies which may 
reduce agricultural water withdrawals.

Monitoring and stock assessment
The team of experts found that the crisis disrupted 
routine environmental monitoring and impacted 
fisheries management and stock assessments 
across the globe. In China, the complete lockdown 
of Hubei Province and Wuhan – China’s epicen-
tre of freshwater fisheries research – resulted in 
major reductions in fish-monitoring activities. Al-
though closures of formal fisheries in many regions 
during lockdowns reduced harvest pressures, “in-
terruptions to other food production sectors have 

Cambodian PhD student Uy Sophorn researching fish catches above 
the Lower Sesan II Hydropower Plant in Stung Treng Province in 
August, 2020. Supported by the USAID-funded Wonders of the Mekong 
project, the research project with two other PhD students extends to 
stretches of the Sesan River downstream from the dam. The river is 
a major tributary of the Mekong, originating in Viet Nam and flowing 
through Ratanakiri Province and Stung Treng where it joins the Sekong 
River before flowing into the Mekong. The Sekong also originates in 
Viet Nam, passing through Lao PDR before reaching Cambodia.

Photo: Chhut Chheana  / USAID Wonders of the Mekong

... Continued from page 37

Continued on page 44 ...
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The team of experts noted that the crisis has 
highlighted important benefits of inland fisheries, 
their contributions to social and economic resil-
ience, and the need to conserve and restore the 
ecosystems upon which they depend. “These 
benefits and needs transcend socio-economic 
strata and geographical boundaries,” the paper 
said. “New and more energized stakeholders can 
push for broader policies for improved water qual-
ity and restoration of freshwater ecosystems.”

In public works programs to re-
build economies, “conservation 
initiatives may serve as a founda-
tion for efforts, especially in rural 
areas,” the paper says, highlight-
ing South Africa’s Working for 
Water program for conservation, 
employment and development as 
a possible model.

With funding availability for zoonotic 
diseases, the authors expect “One 
Health” approaches that integrate 
human, animal, and ecosystem 
health to become “essential com-
ponents of research portfolios to 
optimize outcomes for both people 
and aquatic environments. There 
is also an opportunity to push for 
holistic public health systems that 
recognize the importance of eco-
system health (including fish and 
aquatic resources) in human health.” 

In the shorter term, the paper said the need to 
stimulate depressed economies provided an op-
portunity for employment in conservation and 
restoration programs similar to the Civilian Con-
servation Corps in the United States during the 
Great Depression in the 1930s. Known as the 
CCC, the Civilian Conservation Corps was set 
up by US President Franklin Roosevelt to relieve 
unemployment during the Great Depression. "I 
propose to create a civilian conservation corps to 
be used in simple work, not interfering with nor-
mal employment, and confining itself to forestry, 
the prevention of soil erosion, flood control and 

Experts see conservation opportunities similar to Depression-era initiative in America

similar projects,” Roosevelt said in March, 1933. 
Established the following month, the voluntary 
corps aimed to provide jobs and vocational train-
ing and to conserve and develop America’s natu-
ral resources.

“The U.S. got more for its money from CCC 
than from most other depression-begotten ex-
periments,” Time wrote in 1939. By the end of 
1938, some 2.12 million young men had enrolled 

CCC recruits head off to work in the Lassen National Forest in northern California

Photo: Special Collections & Archives, Oregon State University

in the program. "They had to be poor to get in 
the corps,” the weekly magazine said, noting 
that arrivals at more than 1,500 camps in 1938 
alone included 253,776 needy, unemployed and 
unmarried enrollees aged from 17 to 23 years. 
Between 1933 and 1938, achievements includ-
ed planting almost 1.5 billion trees in or near 
public forests and parklands. The young men 
also worked with private landowners, especially 
to control soil erosion. "The Corps shows com-
munity groups of farmers how to combat soil-
wastage,” Time said. 

Sources: Cooke et al. (2021) and Time (1939) Conserva-
tion: Poor Young Men. Feb 6, 1939. Time Inc, New York. 
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Clockwise from top left: A CCC recruitment poster in Illinois; a short history of the corps published in 1935; Happy Days, the authorized weekly 
newspaper of the CCC; three books commemorating the CCC, published almost 90 years after the 1933 initiative.
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An ethnic Lao fisherman catching a red-tailed tinfoil barb (Barbonymus altus) on the Sesan River in Cambodian province of Stung Treng bordering 
Lao PDR in August, 2020. This species is known as trey kahe (ត្រីកាហ្រ) in Khmer and pa wien fai ( ) in Lao.

Photo: Chhut Chheana  / USAID Wonders of the Mekong
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To avoid trade shocks like those during the global 
grain crisis in 2008, the paper recommended that 
“countries should maintain food supply buffers and 
cooperate internationally to avoid export bans and 
hoarding.” Restrictions on food exports early last 
year — mainly cereals and grains but also other 
products such as eggs and chickens — did not 
seem to trigger a crisis. But in the fisheries sec-
tor, trade flows were disrupted with impacts worse 
in some areas than others. “Additional stressors 
such as a recession or future waves of Covid-19 
could worsen the situation,” the paper warned. 

The authors recalled the negative impacts of 
overfishing in Europe after World War II ended 
in 1945 and in Sri Lanka after the Indian Ocean 
tsunami of 2004. “As governments and industries 
try to reboot the economy in the coming period, 
there is a risk of overstimulating production in 
some regions and fisheries, which could harm 
fish populations,” the paper said. It also stressed 
the need to continue tracking lapses in monitor-
ing and enforcement.

Avoiding past mistakes

Also highlighted was the need to maintain af-
fordable prices for micronutrient foods like fish. 
During past shocks, diet quality often suffered 
as people bought cheaper staple foods, the pa-
per said, pointing to the impact on household 
budgets in Indonesia during the Asian financial 
crisis in 1997-1998. “Households were large-
ly able to maintain calorie intake, but anemia 
rates rose following decreased consumption of 
micronutrient rich foods (e.g., eggs, meat, fish) 
due to high prices,” the paper said. “Maintaining 
low staple food prices can benefit lower income 
consumers by freeing up money to access fish 
and other pricier foods. It is estimated that the 
Covid-19 pandemic could double the number 
of people who are acutely hungry, from 130 
million currently to 265 million. Understanding 
the complex interplay between household in-
come, food prices, and access for staple foods 
and micronutrient dense foods (including fish) 
can help governments and institutions better 
respond to current and future shocks.”

led many local communities to rely on freshwater 
fisheries as an emergency food source.” An influx 
of inexperienced fishers and introduction of more 
damaging gear types might lead to increased risk 
of overexploitation to nearshore stocks as fishers 
target these more accessible habitats. Although re-
ductions in monitoring capacity were predicted to 
be short-term, suspensions were extended in some 
cases. “As lockdowns are lifted, there will be a criti-
cal need to undertake rigorous assessments to un-
derstand the longer-term responses of fish biodi-
versity impacts and their recovery,” the paper said. 
A potential positive outcome of Covid-19 is that the 
restriction of human activity represents an “oppor-
tunity to study the effects of humans on freshwater 
ecosystems.” 

Research on freshwater fish biodiversity 
In many countries, freshwater biodiversity research 
has been suspended for much of 2020. Research 

activities that continued were primarily mainte-
nance-related. According to the paper, major inter-
national research initiatives on the Mekong River 
have been delayed and all freshwater studies, in-
cluding laboratory and field-based work, were sus-
pended in India for at least two months. “The con-
sequence of suspended or cancelled research on 
aquatic biota is that the status of fish populations, 
stocks, and migrations are not being appraised,” 
the paper said. In most cases, research is expected 
to resume as pandemic restrictions are lifted “but 
there is concern that the economic consequences 
of lockdowns will limit research funds.” Reductions 
in funding could permanently halt or diminish con-
servation programs around the globe. A silver lin-
ing for some researchers unable to conduct field 
research is increased time for analysis and publica-
tion of pre-existing data, although productivity dis-
parities are emerging, the paper said. For example, 
journal submission rates have increased for male 
researchers but decreased for females which could 
exacerbate inequalities in publishing and pay rates 
through reductions in women being granted tenure. 

... Continued from page 41
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It is unclear how this will influence those working in 
the realm of freshwater fish biodiversity. 

Addressing negative impacts
The team of experts identified several negative 
impacts of Covid-19 that required management or 
policy actions. Relaxed regulations in several coun-

Mekong fish species on display at a market in Ubon Ratchathani in northeast Thailand in 2018. Noting reports of Covid-19 being spread by shrimp,
the study warns that the pandemic's impact on global trade 'may extend to fish and fish products.  

Photo: Chhut Chheana  

tries during the pandemic is a “major concern for 
freshwater biodiversity,” the paper said. “The same 
scenario will likely continue, and may even be ex-
acerbated, as countries rebuild their economies 
and bureaucratic hurdles (environmental safe-
guards) are removed. To ensure biodiversity is not 
overlooked, it will be essential to link fish biodiver-
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Medium-term outlook
Over a longer time scale of five years, “the future 
state of freshwater fisheries is very likely to be worse 
than if the pandemic had not occurred,” the paper 
said. The focus on recovery may “pause or demote 
environmental concerns and expenditure on resto-
ration programs” and “lead to a rebounding period 
that ultimately accelerates and compounds threats 
to freshwater fishes existing prior to the pandemic. 
This dynamic may play out to a greater extent in de-
veloping regions because of increased prevalence 
of food insecurity caused by the pandemic.” 

Knowledge gaps caused by disruptions in educa-
tion and training “will compromise the ability to make 
robust sustainable fisheries and conservation deci-
sions,” the paper warned. “Economic impacts, in-
cluding the evolving recession and the necessary 
redirection of funding to human health and other pri-
orities, could greatly compromise important resource 
management and conservation activities, such as 
the IUCN Red-List assessment. Indeed, the systems 
most at risk, and thus heavily reliant on management 
interventions, will be those impacted greatest by the 
weakening of fish conservation activities.” 

'This pandemic provides a global wake-up 
call to recognize the need to invest in 

science and policy agendas that allow for 
preparedness to confront such a crisis'

On the other hand, the team of experts highlight-
ed opportunities for new social behavior and new 
policies more adept in protecting global biological 
diversity. “This pandemic provides a global wake-
up call to recognize the need to invest in science 
and policy agendas that allow for preparedness to 
confront such a crisis,” the paper concluded. “It is 
a commitment to continued funding and implemen-
tation of remedial interventions that is needed to 
ensure the sustainability of freshwater fish biodiver-
sity, fisheries, and their ecosystems into the post-
pandemic future.” 

Further reading

Steven J. Cooke, William M. Twardek, Abigail J. Lynch, Ian G. 
Cowx, Julian D. Olden, Simon Funge-Smith, Kai Lorenzen, 
Robert Arlinghaus, Yushun Chen, Olaf L.F. Weyl, Elizabeth 
A. Nyboer, Paulo S. Pompeu, Stephanie M. Carlson, John D. 
Koehn, Adrian C. Pinder, Rajeev Raghavan, Sui Phang, Aaron 
A. Koning, William W. Taylor, Devin Bartley, J. Robert Britton 
(2021) A global perspective on the influence of the COVID-19 
pandemic on freshwater fish biodiversity. Biological Conserva-
tion. Volume 253, 2021

sity and environmental integrity to the many other 
benefits for humanity.”

Another major concern is the lack of detecting and 
measuring possible changes in freshwater fish popu-
lations during the pandemic period. “There is a need 
for increasing monitoring, control, and surveillance in 
the short term, and large-scale restoration projects 
should be resumed as soon as the pandemic returns 
to a relatively stable situation,” the paper said. 

“While the mobilization of organized civil society, 
including academia, is necessary to avoid environ-
mental setbacks and their effects on aquatic biodi-
versity, different measures can be taken to alleviate 
potential negative consequences on freshwater fish 
and fisheries during future pandemics or lockdowns. 
These measures include investing in more contin-
gency planning for research and management, and 
maintaining necessary management and monitor-
ing programs instead of complete lockdown.” 

Short-term outlook
In one to two years, the experts anticipate that 
global freshwater fish diversity will be “similar or im-
proved” compared with pre-pandemic levels. “Im-
provements to freshwater habitat quality resulting 
from the global ‘pause’ in economic development 
and declines in human disturbance, adapted fish-
ing activities, and reduced pollution all have the po-
tential to benefit fish populations,” the paper said. 
“However, in some regions of the world, freshwater 
biodiversity may be in a worse state immediately af-
ter the pandemic relative to how things would have 
been otherwise. Aquatic ecosystems, specifically 
in and around urban areas, may be degraded by 
COVID-19-related products.” 

‘Global trade has been impacted and 
this may extend to fish and fish products’

At the same time, trade disruptions and loss of 
income are likely to increase exploitation of more 
accessible and lower value freshwater fisheries, 
some of which may be already threatened. And 
increased water use for irrigated agriculture may 
compound pre-existing threats to freshwater fish-
es. The authors found that the pandemic had re-
vealed “serious flaws in the global food and public 
health system” and heightened political tensions 
both within and among countries. "Global trade has 
been impacted and this may extend to fish and fish 
products,” the paper said. 
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Small community-based reserves protect 
biodiversity and augment fisheries

A recent study finds that fish sanctuaries in the 
Salween River Basin in Thailand dramatically 
increase fish richness, density, and biomass 

compared with adjacent areas.

Fishing reserves have long been a cornerstone of 
marine ecosystem-based fisheries management, 
proving successful in enhancing the abundance, 
size, and biomass of fish. At least nearly five per-
cent of the seas worldwide are today protected, 
with almost half of that space made up of no-take 
reserves where fishing is not allowed.

Far less attention has been given to freshwater pro-
tected areas, even though rivers and lakes contain 
several times more vertebrate species per unit area 
than land and ocean environments, and are often 
more degraded. In many places, rivers are part of 
terrestrial national parks, rather than specifically af-
forded their own protection.

Southeast Asia is one of the only regions of the 
world where riverine reserves are commonplace; 
hundreds of communities have designated no-
fishing zones that together form de facto reserve 
networks in rivers throughout the region. Unlike ma-
rine protected areas, however, their impact remains 
largely untested.

‘Networks of small, community-based 
reserves can help to protect biodiversity and 
augment fisheries at a time when the world’s 

rivers face unprecedented pressures’ 

This may now be changing, with researchers find-
ing that fish in rivers benefit from protected zones 
— at least as much as their marine counterparts 
— and that reserves can also boost inland fisher-
ies by improving catches, as they’ve been shown to 
do in marine settings. A recent study of riverine re-
serves set up separately by communities along the 
Ngao River in Thailand’s Salween Basin showed a 
dramatic increase in fish richness, density, and bio-
mass relative to adjacent areas. 

By Stefan Lovgren *

“Our findings suggest that networks of small, com-
munity-based reserves can help to protect biodi-
versity and augment fisheries at a time when the 
world’s rivers face unprecedented pressures,” said 
Aaron Koning, a postdoctoral researcher at the 
Global Water Center at the University of Reno, Ne-
vada, who led the study published in the journal Na-
ture in late 2020. 

Community network
The Ngao River, the focus of Dr Koning’s research, 
runs through a remote landscape of rolling hills in 
northwestern Thailand (see opposite page). It is 
a tributary of the Yuam River, which in turn joins 
the Moei River shortly before that waterway’s con-

THAILAND

Lao PDR

VIET NAM

CAMBODIA

CHINA

Salween River Basin

Ngao 
River 
Basin

MYANMAR

The Salween tributary in northwest Thailand where 52 community-
based fish reserves were studied 

Map: Chhut Chheana
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Fishermen in Mae Hong Song Province in northwest Thailand harvest fish just outside reserve boundaries using hand spears in the village of Ban Mae 
Louie during the dry season. This village and several other communities recently prohibited the use of diving masks -- even outside the reserves -- to 
prevent overharvesting fish and other aquatic organisms which are especially vulnerable when the river flow is low and the water clear.
 
Photo: Aaron A. Koning 
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The Salween Basin ranks among the 
world’s top 20 river basins and large 
lakes relevant to inland fisheries, ac-
cording to a recent circular by the Food 
and Agriculture Organization of the 
United Nations (FAO). The Salween 
itself is the second-longest river in 
Southeast Asia after the Mekong. The 
area of the basin is 265,811 km2 with 
China accounting for 52 percent, Myan-
mar 41 percent and Thailand 7 percent.

Based on Chinese data and figures from 
Myanmar, the annual fish catch from the 
basin was estimated at 198,294 tonnes  
around seven years ago of which al-
most all — 174,370 tonnes — came 
from Myanmar (fish catch estimates 
for the Thai part of the basin were not 
available). Fish diversity is estimated at 
140-221 species of which 16-47 fishes 
are endemic to the basin.

“Although the Salween River is the last 
major free flowing river in Southeast 
Asia, 13 dams in the Chinese portion 
of the Salween River and a further six 
dams in Thailand and Myanmar are un-
der consultation,” the FAO circular said.  
“The cascade of dams in the Chinese 
portion of the basin would be the larg-
est cascade of hydroelectric dams in 
the world.”  Among the five dams in My-
anmar, the Tasang Dam with a height 
of 238 metres would be be the largest 
in Southeast Asia with a reservoir ex-
tending almost to the Chinese border. 
“If constructed, the cascade of dams in 
Myanmar would have a severe impact 
on the livelihoods of communities with-
in the basin and surrounding area,” the 
circular said.

Further reading

Ainsworth, R., Cowx, I.G. and Funge-Smith, S.J. 
(2021) A review of major river basins and large 
lakes relevant to inland fisheries. FAO Fisheries 
and Aquaculture Circular No. 1170. Rome, FAO. 
Rome, FAO. https://doi.org/10.4060/cb2827en 

Salween Basin among world’s top producers of freshwater fish 

This carp species (Hypsibarbus salweenensis) is endemic to the Salween Basin and 
can grow to 35 cm. Although it is thought to be declining due to threats throughout its 
range, this decline does not meet the threshold for a threatened species. Mainstream 
dams on the Salween could have impacts on the populations there (Vidthayanon). This 
photo was taken in the the village of Mae Louie in Mae Suat Subdistrict in Sop Moei 
District in the remote northwestern Thai province of Mae Hong Son near Myanmar. 

Photo: Aaron A. Koning 
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Blue mahseer (Neolissochilus stracheyi) in a fish reserve during the dry season. This species can grow to 60 cm (Baird et al., 1999) and is known 
from the Salween as well as the Mekong along with the Maeklong, Chao Phraya and southeastern Thailand river systems. The range of the species 
possibly extends to the Cardamon Range in western Cambodia (Chaudhry, 2010).
 
Photo: Aaron A. Koning 

fluence with the Salween River. The largest un-
dammed river in Asia, the Salween starts in the Ti-
betan highlands and runs for more than 3,000 km 
through China and Myanmar, with a short section 
forming the border between Myanmar and Thai-
land. 

The first fish reserve on the Ngao River was estab-
lished more than 25 years ago near a village called 
Ban Louie, whose residents decided to protect a 
stretch of river about 900 metres long. Other vil-
lages along the Ngao followed suit, setting up their 
own fish sanctuaries of varying sizes. Today, there 
are at least 52 independently operated community 
reserves on the river (see map on page 48).

In 2012, Dr Koning, then a doctoral student at the 
University of Wisconsin, Madison, began investi-
gating the efficacy of the reserves. He selected 23 

of them to study in depth, and together with col-
league Martin Perales spent long periods interview-
ing villagers and snorkeling the waters to count and 
measure fish. Among the more than 50 species in 
the Ngao River are the blue mahseer (Neolissochi-
lus stracheyi) shown above and another type of 
carp (Hypsibarbus salweenensis), a fish endemic 
to the Salween Basin (see box on opposite page).

‘Compared with non-protected stretches
 of the river, reserves enjoyed more than 

twice the total number of fishes and more 
than 20 times the total fish weight’ 

Results showed that, compared with non-protected 
stretches of the river, reserves enjoyed more than 
twice the total number of fish and more than 20 
times the total fish weight with big fishes found al-
most exclusively within protected areas. Older and 
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bigger reserves were more successful, but even 
reserves established in the previous couple years 
showed clear benefits from being spared from in-
tense fishing pressure. 

“The fish seem to know where they are likely to 
be caught,” Dr Koning said. “If you stand near the 
boundary of a reserve and cast a shadow on fish 
lingering just outside it, the fish will inevitably go 
back into the reserve.”

He also found that as space became more crowded 
inside the reserve, smaller fish — which in the Ngao 
include many typical aquarium species including 
glass fish, loaches and danios — would move out 
of the sanctuaries to avoid being eaten by the larg-

er fish. The study also showed that reserves closer 
to each other enjoyed more positive effects than 
others. So did those located nearer village centres, 
with villagers being able to monitor those reserves 
more closely which especially helps larger fish of 
greater catch value.

In older reserves, the researchers saw less of a 
difference in fish density between the reserve and 
surrounding fished areas — evidence of a poten-
tial spill-over effect, which occurs when reserves 
become crowded over time and fish start to leave. 
The findings also suggested that reserves provide 
the most protection for fish in the dry season when 
water levels are low and fish are most vulnerable to 
being caught. 

Members of fishing communities with fish reserves profiled for the study. These photos were taken in 2014 and show villagers from Tak Province in 
northwest Thailand. The village is located on the Moei River, a tributary of the Salween. Dr Koning said some of the villagers were officially involved 
with the fish reserves such as community headmen or representatives. "But everyone takes part in surveilling the areas collectively during daily 
activities," he said. "And they all benefit from the fish they catch near reserve boundaries. 

Photo: Aaron A. Koning 
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Global model
Many freshwater scientists say that Dr Koning’s study 
provides real-world proof of concept that fisheries re-
serves can benefit not just oceans but rivers too, and 
that the basic tenets of what makes marine reserves 
successful — like size, connectivity, and enforcement 
— hold true for freshwater systems as well. 

‘The fact that they did this on their
 own with very little external 

support is remarkable’ 

“This is one of the first times that freshwater re-
serves have been shown so conclusively, and with 
simple elegance and in a high-profile journal, to 
work for freshwater,” said Zeb Hogan, a fish biolo-
gist who leads the USAID-funded Wonders of the 
Mekong research project in Cambodia. “It’s very ex-
citing for people who care about river conservation, 
and who try to identify effective methods of protect-
ing increasingly imperiled fish.”

Dr Hogan and others marvel that local people were 
able to set up the reserves independently of each 
other in a remote area of Thailand. “The fact that 
they did this on their own with very little external 
support is remarkable,” he said.

Fish sanctuaries have meanwhile been expanding 
since Lao PDR enacted its first comprehensive Fish-
eries Law in 2009. According to a survey by Fishbio 
Environmental LLC, a California-based fisheries and 
environmental consulting company, the country now 
has more than 1,300 community-based fish sanctu-
aries recognised by the government. 

“These fish conservation zones provide communi-
ties with a sense of ownership over their aquatic 
resources, and provide a vehicle for thinking about 
sustainable management and resource use to en-
sure fish are available for their children to catch,” 
said Erin Loury, a fish biologist at Fishbio. “In the 
absence of these zones, the fishery would be most-
ly or completely unregulated.”

‘Freshwater fish reserves, in their many 
incarnations, are widespread and may be 

one of the most effective tools we have buffer 
against the harmful effects of overfishing’ 

Increasingly, research shows that reserves can also 
boost fisheries in very large systems, like the Tonle 
Sap Lake in Cambodia. A study in the journal Eco-

logical Modeling in 2019 concluded that protecting 
up to 50 percent of the lake would have big benefits 
to those fisheries by creating a “blue halo” effect 
— with biomass built up inside the protected areas 
that then spills out into the adjacent fished areas.

“What we’re learning is that, despite being poorly 
studied, freshwater fish reserves, in their many in-
carnations, are widespread and may be one of the 
most effective tools we have as a buffer against the 
harmful effects of overfishing to sustain fisheries and 
protect aquatic biodiversity,” Dr Hogan said, adding 
that the results of Dr Koning’s study and model could 
be applied in freshwater ecosystems worldwide. 

Since the study came out, conservationists have 
contacted Dr Koning about replicating the Thai case 
study in various countries around the world, including 
in Southeast Asia. He has begun researching the ef-
fects of the government-mandated, no-take zones in 
the Tonle Sap Lake. By comparing different systems 
and approaches around the world, Dr Koning hopes 
to identify common factors for success that could be 
tailored to diverse rivers and lakes. “There’s a ton of 
mystery still in how and why these things work, but 
the first lesson is that they do work,” he said.

* Mr Lovgren is a frequent contributor to National Geographic. He often 
writes about freshwater conservation and covers the Mekong River as 
part of the USAID-funded Wonders of the Mekong project.
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China more than doubles list of 
endangered animal species  

List of Wild Animals Under State Priority 
Conservation now has 980 species. 

Most of the newly added animals are birds.

China announced its first major revision in 32 years 
of its list of endangered wild animals with the addi-
tion of 517 species and classes, the official Xinhua 
News Agency reported on 5 February. The new list 
now has 980 species and eight categories of wild 
animals, the report said, quoting a joint statement by 
by the National Forestry and Grassland Administra-
tion and the Ministry of Agriculture and Rural Affairs. 

Under its two-tier protection system for wildlife under 
state protection, China will elevate the conservation 
of 65 types of wild animals to the highest level, the 
statement said. China will also impose stricter conser-
vation measures, urging local governments to protect 
habitats where listed endangered animals live. The 
country will also toughen crackdowns on illegal wild-
life trade and the consumption of wild animals, it said.

The report said the revision followed other environ-
mental measures such as a "forest chief” scheme to 
restore forests and grasslands. “Under this scheme, 
to be launched nationwide by June 2022, the coun-
try will appoint forest chiefs in all provincial-level 
regions whose responsibilities are protecting forest 
and grassland resources.” Xinhua also noted plans 
to set up a national park system with pilot projects 
covering 10 areas totalling more than 220,000 km2  
and a 10-year fishing ban in all key waters of the 
Yangtze River that came into effect on 1 January 
(see box on opposite page). 

‘Lucid waters and lush mountains 
are invaluable assets’

“With a new development philosophy that empha-
sizes high-quality development, the country has 
also embarked on a shift to green development, 
constituted by the coordination between economic 
growth and ecological protection,” the report said. 
“Having learned lessons from its past that eco-
nomic growth should not come at the cost of the 
environment and ecology, the country is unfolding a 

landscape where ‘lucid waters and lush mountains 
are invaluable assets’.”

In a separate report on 17 February, SupChina not-
ed that about three-fourths of the new additions were 
birds. The New York-based information platform on 
China quoted National Zoological Museum of China 
Vice Director Zhang Jinshuo as saying that a lack 
of research and scientific understanding had led to 
many species not being included in the original list.

“Thirty years ago, regardless of whether it was the 
government, scientists, or NGOs, the scientific un-
derstanding of China’s wildlife was extremely simple 
and limited,” Dr Zhang reportedly said. “This caused 
the original list to be very small … Today, the number 
of zoologists in China compared to 30 years ago is 
much, much more.” The vice director said the new 
list would be “instrumental” in guiding future research 
funding. "So, this list is very effective in guiding na-
tional and local spending and support.”

According to Dr Zhang, Chinese are more aware of 
bird protection after work by the Chinese Academy 
of Sciences led to a sparrow-eradication campaign  
being terminated in 1960. “After that, Chinese peo-
ple had a massive change in opinion toward bird 
species, and even today have a higher apprecia-
tion and awareness toward bird conservation than 
many other species,” he reportedly said.

The SupChina report noted a "loophole" in the list as 
protection of many species was limited to those in 
the wild. “Legal domestic breeding programs often 
rely on illegally caught animals to boost numbers", 
it said. "When the animals are sold in wet markets 
or used in Chinese medicine, it is often impossible 
to identify wild-caught (and subsequently raised) 
species without stricter monitoring and regulation.”

Further reading

Obermann, K. (2021) A new hope for China’s endangered ani-
mals. 17 February, 2021. SupChina, New York.

Xinhua (2021) Economic Watch: China increases wildlife pro-
tection with protection list revision. 5 February, 2021. Xinhua-
net, Beijing.
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China has expanded 10-year fishing ban to all 
natural waterways in the Yangtze River Basin, 
Xinhua News Agency reported on 1 January. The 
report said a ceremony to mark the event was 
held in Wuhan on 31 December. The extension 
of the ban follows a 10-year fishing moratorium 
in 332 conservation areas in the basin that came 
into effect in January last year.

In a separate report, Xinhua said Vice Premier 
Han Zheng had highlighted the importance of 
“helping the fishermen who retired their boats 
and nets find new employment and resettle” dur-
ing a teleconference on December 22. The report 
said 231,000 fishermen on 111,000 boats had 
relinquished their nets in ten provincial regions 
along the river as of mid-December. “The vice 
premier also stressed improvement in the com-
prehensive treatment of the Yangtze to protect its 
aquatic biodiversity,” the report said.

Xinhua said provincial authoriries had stepped up 
efforts to protect the river including  a national re-
serve at Poyang Lake, the country's biggest fresh-
water lake where numbers of Japanese grenadier 
anchovy (Coilia nasus)* were recovering.

According to a study published by the Food and 
Agriculture Organization of the United Nations 
earlier this year, the fish catch of the Yangtze 
River Basin exceeded one million tonnes in 2015, 
making it the world’s fourth most productive inland 
fishery with 6.9 percent of the global catch.  Chi-
na Agricultural Yearbook data published in 2014, 
the study said the basin had almost 377,000 full-
time fishers and 2.4 million fish farmers. 

Xinhua said fishermen’s lives along the upper 
stretch of the Yangtze in Sichuan Province had 
undergone a “massive change” in recent dec-
ades. “In the 1980s, you could easily catch 10 kg 
of fish with a fishing net at a shoal,” former fish-
erman Ma Xinglin told the news agency. “But by 
around 2000, it was hard to make a living through 
fishing with fewer fish in the river.”

Ten-year fishing ban in Yangtze widened to all waterways in basin

Hunan Province, located in the river's middle 
reaches, has dismantled 39 illegal wharves along 
the Yangtze mainstream and and planted over 
1,300 hectares of forest along the river, Xinhua 
said. At the same time, the average concentra-
tion of total phosphorus around Hunan’s Dongting 
Lake — the country’s second-largest freshwater 
lake — dropped 41 percent between 2015 and 
2019. “With improving water quality, the lake also 
saw more than 246,000 wintering waterbirds in 
the year. It is the highest number in the past ten 
years,” the news agency said.

Xinhua said provincial authorities in Hunan had 
meanwhile helped more than 16,000 fishermen 
change jobs and that a third-party agency had 
conducted an on-site assessment of fishermen's 
boats and nets. Wang Yuanbao, an official with 
the provincial agriculture department, reportedly 
said that a “unified compensation fund” would en-
sure their interests.

In Baishuigang village in Yidu, a city in Hubei 
Province, the Chinese news agency said an ex-
hibition had been set up to display various types 
of fishing gear in memory of the village’s centu-

ry-old fishing 
traditions. “We 
should not for-
get our roots al-
though we don't 
fish anymore," 
village Commu-
nist Party chief 
Li Chunmei 
was quoted as 
saying.

Further reading

Ainsworth, R., Cowx, I.G. and Funge-Smith, S.J. (2021) A 
review of major river basins and large lakes relevant to in-
land fisheries. FAO Fisheries and Aquaculture Circular No. 
1170. Rome, FAO. Rome, FAO. https://doi.org/10.4060/
cb2827en 

Xinhua (2020) Chinese vice premier stresses Yangtze River 
fishing ban. 22 December, 2020. Xinhuanet, Beijing.

Xinhua (2021) China Focus: Ten-year fishing ban begins in 
Yangtze River. 1 January, 2021. Xinhuanet, Beijing.

Retired fishing boats  in Baishuigang

Photo: Beijing Review/Xinhua

* This fish was assessed as endangered by the International Un-
ion for the Conservation of Nature in 2018. It was abundant and 
commercially important in the Yangtze before the 2000s, but now 
faces a very high risk of extinction in the wild in the near future.
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Repurposing food waste: a circular 
economy approach for the food system

Asia’s developing countries should finance 
and promote effective solid-waste management 

policies to address the contribution of the 
region’s food system to climate change. At 

the same time, however, people need to reject 
unsustainable consumption patterns.

As the population in Asia continues to grow, so too 
will consumption trends. According to the United 
Nations (2020), the Asia and Pacific region has 
a population of 4.6 billion people, accounting for 
around 60 percent of the world’s population and is 
projected to increase to as much as 5.2 billion peo-
ple by 2050 (United Nations Economic and Social 
Commission for Asia and the Pacific 2020). This 
population growth will continue to have significant 
impacts on the way goods are manufactured and 
consumed, as the global “take, make, and dispose” 
lifestyle has already put enormous stress on raw 
materials and energy resources.

Our food system remains one of the biggest contribu-
tors to climate change, generating significant amounts 
of solid waste and emitting greenhouse gases in the 
process. Both food loss (discarded by food suppliers 
in the value chain, excluding retailers and consumers) 
and food waste (discarded by retailers or consumers), 
though occurring at different parts of the food system, 
are difficult to monitor due to lack of data from many 
countries. But it is estimated that about 1.3 billion tons 
of food is lost annually around the world. 

In Asia, up to 11 kilograms of food per capita in the 
region’s developing countries and 80 kilograms of 
food per capita in developed countries is wasted 
(Food and Agriculture Organization of the United 
Nations 2013). As the region continues to develop 
and income levels rise, so too will consumption 
habits and wastage, especially in rapidly expand-
ing urban centers. Related issues of near-capacity 
landfill sites, food insecurity, and environmental 
degradation further demonstrate the need for an 
urgent and innovative solution. Transitioning to a 
circular economy would greatly reduce waste while 
also addressing several of the Sustainable De-

By Derek Hondo*

velopment Goal (SDG) 11 (sustainable cities and 
communities), 12 (responsible consumption and 
production), and 13 (climate action).

Diverting food waste and food loss
Food is similar to other products people consume 
in a linear manner, meaning that there is very lit-
tle recycling of unused or discarded materials. This 
pattern of consumption is immensely taxing on re-
sources and the environment. Governments must 
recognize that achieving a sustainable economy 
will require innovation to transition to a circular 
economy which, in the context of food usage, seeks 
to reduce the amount of wastage. Discarded food, 
for example, does not need to end up in landfills—it 
can be utilized for other purposes.

The concept of a circular economy can be catego-
rized into three types of activities: (1) creating loops 
(2) slowing flows and (3) narrowing flows (Preston, 
Lehne, and Wellesley 2019). Creating loops and slow-
ing flows are most relevant for reducing food waste.

Creating loops for the food system instead of dis-
posing of discarded food is a type of circular econ-
omy that can decrease the strain on agricultural 
resources. Unused food and food waste can be re-
cycled for other purposes. The agriculture industry, 
involved at the beginning stages of the food supply 
chain, can play a vital role in this process through  
adoption of agroforestry practices, regenerative 
methods of farming, and the use of organic ferti-
lizers generated from food waste. There are also 
economic opportunities for companies to explore 
new markets for food waste that would typically end 
up in landfills. Examples include utilizing discarded 
corn cobs, edamame pods, beetroot skins, sugar-
cane, and potato skins as alternatives to plastic.

The second type of circular economy aims to slow 
down flows by ensuring that a product is utilized to 
its full potential before ending up in a landfill or in-
cinerator. For the food system, a circular economy 
would find alternatives for food waste and, instead 
of the usual linear consumption model, could allow 
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for food waste to be collected for energy recapture 
through anaerobic digestion (methane fermen-
tation). In this process, biogas is produced when 
bacteria breaks down food waste in a closed envi-
ronment lacking oxygen. The biogas can then be 
utilized for generating energy, ultimately decreasing 
reliance on fossil fuels and reducing greenhouse 
gas (GHG) emissions. The byproducts of this pro-
cess can be further utilized as fertilizer for crops or 
soil in areas where erosion is an issue.

Economic and environmental benefits 
Current waste-management practices, based on a 
linear consumption model, have adverse impacts on 
the environment as landfills pollute a diverse range of 
ecosystems and produce greenhouse gases. While 
solid waste management practices in many cities 
have yet to prioritize the separation of food waste, 
a precursor to a circular economy, there are many 
examples around the world where upgrading waste 
separation technology and collection has shown to 
support this transition. From here, food waste can 
generate biogas fuel through anaerobic digestion 
(methane gas fermentation), providing households 
with clean energy. The Intergovernmental Panel on 
Climate Change has estimated that global food loss 
and waste contributed 8 percent to 10 percent of all 
anthropogenic GHG emissions between 2010 and 
2016 (Mbow et al. 2019).

Moreover, a circular economy for the food system 
would present additional environmental and eco-
nomic benefits. Expansion on a much larger scale 
could make a significant difference in not only help-
ing cities to better address climate change issues 

but also creating new jobs and making supply chains 
more resilient. It could help to mitigate the high lev-
els of GHG emissions attributed to consumption 
patterns and urbanization, especially by reducing 
the amount of food that goes to waste. With the cur-
rent agriculture practices and consumption trends 
of food, for every $1 spent on food, $2 is incurred in 
environmental, health, and economic costs (Ellen 
MacArthur Foundation 2019). If this issue remains 
unaddressed, it will continue to impose costly im-
pacts on developing countries.

In developing Asia, although there are many oppor-
tunities for a circular economy, some already existing 
in the informal sector, it is yet to be formally adopted 
by governments that are being applied to the food 
system. Overall, there is a lack of robust legislative 
frameworks and financing to initiate the transition. 
A circular economy for the food system would also 
help to address SDGs related to climate change and 
sustainable production and consumption. The transi-
tion to a circular economy will require governments 
to finance and promote effective solid waste man-
agement policies and, ultimately, individuals to reject 
unsustainable linear consumption patterns.

* Mr Hondo is a research associate at the Asian Development Bank 
Institute in Tokyo
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FAO Fish Price Index
(2014-2016 = 100)

Production, trade, utilisation and consumption
FAO Food Outlook, May, 2020

2018 2019
Estimate

2020
Forecast

Change
2020/2019

June November

 Million tonnes %

Production 178.5 175.9 172.9 174.2 -1.0
Capture fisheries 96.4 91.8 89.9 91.2 -0.7

Aquaculture 82.1 84.1 82.9 83.0 -1.3

Trade value (exports USD billion) 165.4 161.3 150.4 152.2 -5.7
Trade volume (live weight) 66.9 66.0 63.2 63.4 -3.9
Total utilisation 178.5 175.9 172.9 174.2 -1.0
Food 156.4 156.4 154.2 154.7 -1.1

Feed 18.2 15.5 15.0 15.7 1.3

Other uses 4.0 4.0 3.7 3.8 -5.0

Consumption per person
Food fish (kg/yr) 20.5 20.3 19.8 19.9 -2.1

From capture fisheries (kg/year) 9.7 9.4 9.1 9.2 -1.9

From aquaculture (kg/year) 10.8 10.9 10.6 10.7 -2.3

FAO Fish Price Index (2014 – 2016 = 100) 2018 2019 2020
Jan-Sep

Change
Jan-Sep 2020/Jan-Sep 2019

106 102  96 -7.8

40
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Source of the raw data for the FAO Fish Price Index: EUMOFA, INFOFISH, INFOPESCA, INFOYU, Statistics Norway
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Viet Nam
Vietnam Association of Seafood Exporters and Producers (VASEP) 

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

VND per kg unless otherwise stated

October, 2020 March, 2021
Item Size Price

Pangasius (Pangasianodon hypophthalmus) (white flesh) Cá tra thịt trắng 0.7 – 0.8 kg 18,000 – 18,500 21,000 – 21,500
Pangasius fry (Pangasianodon hypophthalmus) Cá tra bột Bột 0.8 – 1.5 1.2 - 1.5 
Pangasius fingerlings (Pangasianodon hypophthalmus) Cá tra giống 28 – 35 con/kg 21,000 – 22,000 29,500 – 32,000 
Red tilapia (Oreochromis spp.) Cá điêu hồng > 300 g – 1,000 g 31,000 – 33,000 33,000 – 35,000  
Red tilapia fingerlings (Oreochromis spp.) Cá điêu hồng giống 35 con/kg 22,000 – 23,000 36,000 – 38,000
Snakehead (Channa spp.) Cá lóc nuôi 1.0 – 1.2 kg 25,000 – 27,000 29,000 – 31,000 
Snakeskin gourami (Trichopodus pectoralis) Cá sặc rằn 4 – 5 con/kg 40,000 – 45,000 20,000 – 23,000 
Climbing perch (Anabas testudineus) Cá rô đầu vuông 8 con/kg 26,000 – 28,000 26,000 – 28,000
Japanese wrinkled frog (Thai strain) (Glandirana rugosa) Ếch Thái 3 – 5 con/kg 28,000 – 29,000 40,000 – 43,000
Japanese wrinkled frog fry (Thai strain) (Glandirana rugosa) Ếch Thái giống  120 – 140 con/kg 400 – 450 500 – 600
Giant freshwater prawn (Macrobrachium rosenbergii) * Tôm càng xanh 15 - 25 con/kg 140,000 – 160,000 200,000 –  220,000
Giant freshwater prawn (Macrobrachium rosenbergii) † Tôm càng xanh Tôm trứng, càng xào 90,000 – 100,000 90,000 – 115,000
Giant freshwater prawn (Macrobrachium rosenbergii) P/L Tôm càng xanh post 80,000 – 90,000 con/kg 100 – 120 80  – 115
Black tiger shrimp (Penaeus monodon) Tôm sú 15 con/kg 480,000 460,000
Black tiger shrimp (Penaeus monodon) Tôm sú 25 – 30 con/kg 240,000 220,000
Black tiger shrimp (Penaeus monodon) Tôm sú 40 con/kg 175,000 180,000

* 50 g – 74 g        † Berried females, inferior old blue-claw males

Thailand
Talaad Thai Wholesale Market, Pathum Thani Province

THB per kg
November, 2020 April, 2021

Item Price
Chinese edible frog (Haplobatrachus rugulosus) (small) กบนา (เล็ก) 90 90
Asian redtail catfish (Hemibagrus wyckioides) ปลากดคัง 120-185 125-160
Yellow mystus (Hemibagrus filamentus) ปลากดเหลือง 125 125-145
Tire track eel (Mastacembelus favus) ปลากระทิง 150 150-250
Clown featherback (Chitala ornata) ปลากราย 180 180-190
Iridescent mystus  (Mystus multiradiatus) (large) ปลาแขยง (ใหญ่) 80-100 80-100
Iridescent mystus (Mystus multiradiatus) (small) ปลาแขยง (เล็ก) 50-60 50-60
Wallago (Wallago attu) (large) ปลาเค้าขาว (ใหญ่) 380 180
Wallago (Wallago attu) (small) ปลาเค้าขาว (เล็ก) 160 120
Bronze featherback (Notopterus notopterus) ปลาสลาด หรือ ปลาฉลาด 90-100 90
Farmed giant snakehead (Channa micropeltes) (large) ปลาชะโด เลี้ยง (ใหญ่) 85-90 85-90
Farmed giant snakehead (Channa micropeltes) (small) ปลาชะโด เลี้ยง (เล็ก) 75 75-80
Farmed North African walking catfish hybrid (Clarias spp.) (large) ปลาดุก เลี้ยง (ใหญ่) 35-38 40
Farmed North African walking catfish hybrid (Clarias spp.) ((small) ปลาดุก เล้ียง (เล็ก) 38-42 42-45
Siamese red catfish (Phalacronotus bleekeri) (large) ปลาแดง (ใหญ่) 250 250
Siamese red catfish (Phalacronotus bleekeri) (small) ปลาแดง (เล็ก) 140-170 140-170
Silver barb (Barbonymus gonionotus) (large) ปลาตะเพียนขาว หรือ ปลาตะเพียนเงิน (ใหญ่) 50 50
Silver barb (Barbonymus gonionotus) (small) ปลาตะเพียนขาว หรือ ปลาตะเพียนเงิน (เล็ก) 35 35
Red tilapia hybrid (Oreochromus spp.) (large) ปลานิลแดง (ใหญ่) 85-90 75-80
Red tilapia hybrid (Oreochromus spp.) (small) ปลานิลแดง (เล็ก) 70-75 60-65
Nile tilapia (Oreochromus niloticus) (large) ปลานิล (ใหญ่) 55-60 50-60
Nile tilapia (Oreochromus niloticus) (small) ปลานิล (เล็ก) 35 35
Whisker sheatfish (Kryptopterus spp.) (large) ปลาขาไก่ (ใหญ่) 380 380
Whisker sheatfish (Kryptopterus spp. (small) ปลาขาไก่ (เล็ก) 160 160
Common carp (Cyprinus carpio) (large) ปลาไน (ใหญ่) 35-40 35-40
Mekong giant catfish (Pangasianodon gigas) ปลาบึก 50-65 65
Boeseman croaker (Boesemania microlepis) ปลาม้า 245-360 350-430
Horse-face loach (Acantopsis choirorhynchos) ปลารากกล้วย 140 140-160
Giant gourami (Osphronemus goramy) ปลาแรด 80-85 80-85
Siamese mud carp (Henicorhynchus siamensis) ปลาสร้อยขาว 55-65 55-60
Snakeskin gourami (Trichopodus pectoralis) ปลาสลิด 135 135-165
Striped catfish (Pangasianodon hypophthalmus) ปลาสวาย 28-30 26-30
Spot-fin spiny eel (Macrognathus siamensis) (large) ปลาหลดจุด (ใหญ่) 170 170
Spot-fin spiny eel (Macrognathus siamensis) (small) ปลาหลดจุด (เล็ก) 130 130
Rice-field eel (Monopterus javanensis) (large) ปลาไหลนา หรือ ปลาไหลบึง นาข้าว (ใหญ่) 250 250-280
Rice-field eel (Monopterus javanensis) (small) ปลาไหลนา หรือ ปลาไหลบึง นาข้าว (เล็ก) 300-320 300-320
Pond snail (Filopaludina martsensi) หอยขม 100 100
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A man looks into a cave near the confluence of the Mekong and Sekong rivers in Stung Treng Province in northern Cambodia 
during a mammal survey by France’s Muséum national d'Histoire in 2010. It was here that the survey took samples of Shamel’s 
horseshoe bats (Rhinolophus shameli) — a species native to Cambodia, Lao PDR, Thailand and Viet Nam. The samples were 
subsequently stored at the Institut Pasteur du Cambodge in Phnom Penh along with other wildlife samples from the survey. Following 
retrospective biobank screening of these and other bat samples, the Institut Pasteur du Cambodge announced in February the discovery 
of a new virus closely related to SARS-CoV-2 in two Shamel’s horseshoe bats. The virus is closer to the one that causes Covid-19 than 
any other closely related viruses outside China. The institute's finding indicates that viruses related to SARS-CoV-2 have a much wider 
geographic distribution than previously thought (see page 10). 

The World Health Organization (WHO) reached the same conclusion in its global study of the origins of SARS-CoV-2 released on March 
30. The study noted that viruses closest to SARS-CoV-2 had been identified in China, Japan and Thailand as well as Cambodia. Two other 
closely-related viruses had meanwhile been found in trafficked Malayan pangolins (Manis javanica) in China. “Further surveys to identify 
coronaviruses related to SARS-CoV-2 (are) needed in bats and pangolins in China as well as in Southeast Asia,” the WHO said. The study 
also called for more research in other countries where species from the Rhinolophus genus are found. “This should focus in particular on 
regions where insufficient prior sampling has been done and where analyses show spillover to people is most likely,” the study said.

The WHO said it was was “likely to very likely” that SARS-CoV-2 came from an intermediate host. "The evolutionary distance between these 
bat viruses and SARS-CoV-2 is estimated to be several decades, suggesting a missing link,” it said. “Highly similar viruses have also been 
found in pangolins, suggesting cross-species transmission from bats at least once, but again with considerable genetic distance.” The study 
noted that animals susceptible to SARS-CoV-2 included farmed animals. “There often are connections between farms (for instance, through 
the workforce and food supply), leading to complex transmission pathways that may be difficult to unravel,” the study said.


