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Håkan Berg, Nguyen Thanh Tam and Chau Thi Da

Recognizing ecosystem services for sustainable 
food production in The Mekong Delta, Vietnam

Abstract 
Increased agriculture and aquaculture pro-
duction in the Mekong Delta during the last 
two decades has improved farmers’ income, 
national export earnings and reduced po-
verty, but has also had negative impacts on 
the environment and ecosystem services 
(ESS) of importance to local peoples’ liveli-
hoods and well-being. This study identifies 
stakeholders’ perceptions of ESS status and 
trends in the Mekong Delta and how these 
have been influenced by agriculture and 
aquaculture development. It evaluates trade-
offs made between ESS under different de-
velopment scenarios and stakeholders’ pre-
ferences to these scenarios. The study was 
conducted through interviews, focus group 
discussions and questionnaire surveys with 
375 stakeholders involved in fish (Pangasius 
catfish) farming in the An Giang province, 
shrimp (whiteleg shrimp) farming in the Can 
Gio district in Ho Chi Minh city and rice far-
ming in the Tien Giang province, which re-
present major agriculture and aquaculture 
activities in the Mekong Delta. Most farmers 
were aware of provisioning ESS, which also 
was scored as the most important ESS, fol-
lowed by supporting, regulating and cultural 
services. Almost all stakeholders percei-
ved that the intensification of rice, fish and 
shrimp farming had had a negative impact 

on the majority of the other ESS, which were 
identified as important for their livelihood 
and wellbeing. The majority (60–90%) of the 
stakeholders would prefer diversified and 
less intensive farming methods, even if this 
would lead to a slightly decreased produc-
tion, mainly because less intensive systems 
was perceived to enhance several ESS and 
provide benefits to local communities. Such 
systems would probably help to increase the 
resilience of interlinked social-ecological 
systems in the Mekong Delta to future chan-
ges caused by upstream hydropower dams 
and climate change, while still protecting the 
environment and contributing to long term 
and healthy production of food.

Introduction
The Mekong Delta is one of the largest and 
most densely populated wetland areas in 
the world and it plays a vital role in the li-
ves of local people and the socio-economic 
development of the region (Berg, 2012, 
Smajgl et al. 2015). The Mekong Delta co-
vers only 12% of Vietnams area but supp-
lies more than 50% of the country’s rice 
production and is the most important re-
gion for rice production in Vietnam, with a 
total production of 23.6 million tons of rice 
in 2017 (Sebesvari et al. 2012, General 
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Statistics office Vietnam 2019). Increased 
rice yields over the years have been achie-
ved through more intensive farming met-
hods, with two or three crops per year, and 
increased use of pesticides and fertilizers 
(Berg et al. 2012; Sebesvari et al. 2012). 
 This has contributed to increased agri-
cultural income and reduced poverty, but 
it has also been followed by negative im-
pacts on the environment and people’s 
health (Dasgupta et al. 2007; Tam et al. 
2015), which in the long run could impact 
on the overall production and quality of 
agriculture and aquaculture products from 
the Mekong Delta (cf. Luo et al. 2014). 
Tam et al. (2015) reported that farmers 
spraying organophosphates on rice fields 
resulted in both reduced growth and survi-
val rates of fish, and Dasgupta et al. (2007) 
found that over 35% of 190 rice farmers in 
the Mekong Delta, experienced acute pes-
ticide poisoning, and that 21% were chro-
nically poisoned.
 Intensified agriculture method could 
thus potentially impact negatively on the 

yield of wild aquatic organism and on the 
ongoing expansion of aquaculture activi-
ties in the Mekong Delta, such as panga-
sius and shrimp farming and integrated 
rice fish-farming. Aquaculture produc-
tion in the Mekong Delta provided in 2017 
about 1.9 million tons of fish and 0.6 mil-
lion tons of shrimps, representing 71% and 
82% respectively, of Vietnams total pro-
duction of fish and shrimp (General Sta-
tistics office Vietnam 2019) (Fig. 1). Bet-
ween 1995 and 2017 the total production 
of fish and shrimps from aquaculture in the 
Mekong Delta increased 16 times (Gene-
ral Statistics office Vietnam 2019). The lar-
gest increase was in Pangasius catfish-far-
ming, with an estimated production of 1.4 
million tons in 2018, corresponding to al-
most 70% of the total fish-yield from aqua-
culture in the Mekong Delta (General Sta-
tistics office Vietnam 2019).
 This quick expansion is generally regar-
ded as an efficient mean for increased in-
come and food security but it also gene-
rates risks for negative environmental im-

Figure 1. Production of rice (tens of tons) fish (tons) and shrimps (tons) in the Mekong Delta 
between 1995–2018 (General Statistics office Vietnam 2019). 
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pacts, such as pollution and biodiversity 
change. In some cases it has even led to en-
vironmental disasters (Pullin, 1993; Folke 
et al., 1998). Intensified fish production is 
often associated with increased fish stock-
ing densities, high inputs of feed and anti-
biotics, followed by releases of uneaten 
feed, untreated wastewater, chemicals and 
disease outbreaks (Pullin, 1993; Da et al. 
2011). This increases the pressure on eco-
system functions and impacts on ecosys-
tem services (ESS), which in turn affects 
people’s livelihood and the development 
of the aquaculture industry itself. This has 
happened many times before and is often 
due to a general lack of ecological under-
standing about the strong complementarity 
between the supporting environment and 
the cultivation.
 Fish and shimp farming as well as rice 
farming relies on many resources and must 
be viewed in the broad context and not as 
an isolated sector. It is embedded in the 
economy and heavily dependent on eco-
system services for a sustained production 
(Folke et al., 1998). 
 In this paper we argue that if agriculture 
and aquaculture development is to be eco-
logically sustainable, efforts must be direc-
ted towards methods that make use of the 
natural environment without severely or ir-
reversibly degrading it. There is a need for 
a holistic ecosystem view where the bene-
fits derived from ecosystem services must 
be recognized and play an important part 
in agriculture and aquaculture develop-
ment (Folke et al. 1998). A focus on eco-
system services also emphasis that these 
systems are integrated parts of social–eco-
logical systems in which they are embed-
ded, and therefore need to be adjusted to 

the context and carrying capacity of those 
systems.
 The Vietnamese Mekong Delta has 
one of the largest and lowest elevated 
delta plains in the world, which is under 
heavy pressure from climate change (Min-
derhoud et. al 2019). At the same time 
upstream dam constructions changes the 
flow of water and sediments with dwind-
ling sediment loads that can counterba-
lance ongoing sea-level rise and river wa-
ter that can flush salt water during the wet 
season (Smajgl et al 2015; Minderhoud et. 
al 2019). Increasing salinity levels in the 
Mekong Delta have substantially reduced 
agricultural productivity, in particular for 
crops and varieties with a low tolerance to 
salt (Smajgl et al 2015). Substantial eco-
nomic losses are estimated to occur for far-
mers because of 20–65% reduced inputs of 
nutrient rich sediment, which must be ba-
lanced with substantial investments in fer-
tilizer inputs to maintain present produc-
tion levels (Smajgl et al. 2015). To adapt 
to these increasingly unpredictable condi-
tions, following from climate change and 
upstream dams, there is a need for altered 
cropping systems that are more resilient to 
future changes (Smajgl et al. 2019). 
 This paper builds on a number of stu-
dies, with the overall objective to provide 
guidance and technical support to local po-
licy makers and managers in the Mekong 
Delta on how future agriculture and aqua-
culture systems could be designed to max-
imize both the net benefits that society re-
ceives from agriculture production and the 
services provided by ecosystems. Our re-
sults show that dominating agriculture and 
aquaculture systems in the Mekong Delta 
does not meet these goals and argues that 
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they should be re-engineered to deliver 
greater social and environmental benefits 
as well as be made more resilient to meet 
future demands for food security under in-
creasingly unpredictable environmental 
conditions. 

Methods  
Research approach
This work was done in the wake of the for-
ming of the Intergovernmental Platform on 
Biodiversity and Ecosystem Services (IP-
BES) (Diaz et al. 2015), which was esta-
blished in 2012. It was made in response 
to a need to operational the concepts un-
der the IPBES at local scales and the need 
for more assessments of ecosystem ser-
vices especially in developing countries. 
It was also felt that the aim of IPBES to 
“strengthening the science-policy inter-
face for biodiversity and ecosystem ser-
vices for the conservation and sustainable 
use of biodiversity, long-term human well-
being and sustainable development” was 
well aligned with research outlined below.
 The studies were done in close collabo-
ration with local stakeholders and the ana-
lysis builds on their perceptions of ESS 
and how these contribute to their liveli-
hoods. These participatory processes were 
expected to capture, from the bottom-up, 
stakeholders’ perceptions of ESS and fos-
ter the incorporation of different types of 
knowledge in decision making processes 
(Lopez and Videira, 2016). As highlighted 
by several recent reports and global pro-
cesses such as IPBES, IPCC and CBD, lo-
cal participation and knowledge must play 
a critical role in identification of ESS and 
scenario development (Kok et al., 2016; 

Lopes and Videira, 2016). Local imple-
mentation of ESS assessments has been 
seen as a major challenge, especially in de-
veloping countries, and examples of parti-
cipatory approaches for ESS identification, 
where stakeholder groups are jointly enga-
ged in scoping tasks are still scarce (Lopes 
and Videira, 2016). However, with the aim 
to establish successful environmental stra-
tegies for sustainable development of agri-
culture and aquaculture, farmers must be 
involved, and their opinions and preferen-
ces, as well as their attitudes towards ESS 
must be understood (Quinn et al., 2015; 
Berg et al., 2016).
 Our approach shows how place-based 
research on the conceptualization and ar-
ticulation of ESS can help to identify the 
demand and prioritization of ESS among 
local stakeholders in the Mekong Delta of 
Vietnam. The concept of ESS is quite new 
in Vietnam but has recently been used to 
provide guidance for sustainable aquacul-
ture/agriculture development in Southern 
Vietnam (Berg et al., 2016; McDonough 
et al., 2014), and gained increased inte-
rest by the Ministry of Natural Resources 
and the Environment (MONRE) through 
the ProEcoServ project. In this study the 
‘‘Toolkit for Ecosystem Service Site-based 
Assessment (TESSA)” (Peh et al., 2013) 
and ‘‘Integrating ESS in Strategic Envi-
ronmental Assessment: A guide for practi-
tioners” (UNEP 2014) were used to guide 
the work. The close consultation with lo-
cal stakeholders provided opportunities for 
non-specialists to participate in the ana-
lysis, and provided capacity building th-
rough ‘‘learning by doing”, which is an 
important step for adaptive co-manage-
ment of social-ecological linked systems.
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Research design and study area
The methods and results presented in this 
paper builds on a number of research pro-
jects related to three aquaculture sys-
tems conducted in three different types 
of wetlands in the Mekong Delta; Panga-
sius catfish farming along the Mekong 
River (Nguyen et al. 2017), rice-fish far-
ming in floodplains (Berg et al. 2016) and 
shrimp farming in mangroves and estua-
ries (McDonough et al. 2014) (Fig. 2). 
 A number of complementary methods 
such as field observations, Key Informant 
Panel (KIP) interviews, group discussions 
(PRA) and questionnaires were used to 

identified different stakeholders (including 
fish, shrimp, mollusc, rice and fruit far-
mers, fishermen and local officer) aware-
ness and perception of how these systems 
depends on ecosystem services, and how 
the intensification of these agriculture/aqu-
aculture systems have impacted on sup-
porting, provisioning, regulating and cul-
tural services both in the past and in the 
future. The perceived trends in especially 
provisioning, regulating and supporting 
ecosystem service were seen as an indica-
tion of systems environmental sustainabi-
lity. As this was the view of local stakehol-
ders depending the same ecosystem servi-

Figure 2. The Mekong Delta and the location of the My Hoa Hung commune in the 
An Giang province, Cai Be in the Tiên Giang province, the Lang Sen Wetland Reserve 
(LSWR) in the Long An province, and Can Gio close to the Ho Chi Minh City, where 
the research was conducted.
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ces for their livelihoods and wellbeing the 
trend also indicated the systems social sus-
tainability. 
 Stakeholders were also asked to state 
their preferences to different future sce-
narios of agriculture/aquaculture deve-
lopment, including a continuation of the 
current system, a more intensive systems 
or a less intensive systems. As the stake-
holders´ choice indicated their perception 
of how the chosen system would affect a 
combination of environmental, financial 
and social factors and in turn their liveli-
hoods and wellbeing, this was seen as an 
indicator of the systems overall sustainabi-
lity.
 The field work on Pangasius farming 
was conducted in the My Hoa Hung 
commune in the An Giang province in 
2014. The commune is surrounded by 
the Mekong River, and has a large num-
ber of Pangasius catfish households. In 
2015 Pangasius aquaculture activities co-
vered 5370 ha and are expected to reach 
7720 ha in 2020 in An Giang. Pangasius 
catfish constituted more than 90% of the 
annual production of 260,000 tons of far-
med fish (Nguyen et al. 2017). The close 
by city Long Xuyen is considered the cen-
ter of aquaculture, with Pangasius catfish 
being the dominant species (Fig. 2). A to-
tal of 155 stakeholders participated in the 
study and included Pangasius catfish far-
mers (35), other aquaculture farmers (35), 
rice/vegetable farmers (50), artisanal fish-
ermen (20) and ecotourism operators (10), 
which all were identified to depend on the 
Mekong river and associated ESS.
 The field survey on rice and rice-fish 
farming were carried out in the Cai Be di-
strict in the Tien Giang province and the 

Lang Sen Wetland Reserve (LSWR) in the 
Long An province (Fig. 2). The study was 
conducted in 2014 and included a total of 
60 rice farmers. The farmers were chosen 
according to the type of rice production 
system they had, and focused on mono-
culture rice farming and integrated rice–
fish farming with and without integrated 
pest management strategies (IPM). 
 The cai Be district is a representative 
rice-producing area in the Mekong Delta 
with both intensive rice farming and in-
tegrated rice–fish farming (Berg and Tam 
2012). The area around Cai Be district 
has a very good irrigation system consis-
ting of a network of many canals and na-
tural rivers. The Lang Sen Wetland Re-
serve (LSWR) covers 3280 ha and is one 
of the few remaining natural wetlands in 
the area. Most rice production is located 
in the northeast part of the area. The re-
latively high biodiversity found in LSWR 
is important for local people’s livelihoods, 
and fish are the most significant pro-
tein source for the people in LSWR. The 
LSWR represents an area with a relatively 
short history of agricultural practices and 
resembles a natural wetland, and provided 
an opportunity to compare these farmers’ 
agriculture strategies and perceptions of 
ecosystem services with the farmers from 
the more intensified agricultural area of 
Cai Be district.
 The study on shrimp farming was con-
ducted in the Can Gio Biosphere, Ho Chi 
Minh city in 2012 (Fig. 2). Can Gio’s pro-
ximity to Ho Chi Minh City and shrimp 
farming activity around the buffer zones 
make it an ideal location to examine the 
anthropogenic values and its relations-
hip to ecosystem services, shrimp aqua-
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culture development, and wetland con-
servation. In 2012 Can Gio encompassed 
around 1514 officially recorded operatio-
nal shrimp farms.
 157 individuals participated in the 
study, consisting of 42 participants from 
the core area (16 fisher folk, 8 mollusk far-
mers and 16 park rangers) and 118 partici-
pants (mostly shrimp farmers) in the buffer 
zones. 

Results 
Stakeholders awareness and 
dependence on ecosystem services
All stakeholders could easily relate to pro-
visioning services (100%) and overall 
these services were seen as the most im-
portant category of ESS among the majo-
rity of stakeholders interviewed. (Fig. 3 
and 4). This was especially pronounced for 
fishermen, fish-farmers and rice- farmers, 
while ecotourism operators ranked cul-
tural services higher (Table 1). This clearly 
exemplify that different stakeholders have 
different preferences depending on their 
dependence on ESS for their livelihoods. 
Fish farming and rice production are ma-
jor economic activities in the Mekong 
Delta and provide the basis for peoples´ li-
velihood and income and it is no surprise 
that provisioning ESS, such as cultivated 
goods, were ranked the highest (4.6 of 5) 
(Table 1). Both provide tangible benefits, 
which make these services explicitly valu-
able to the farmers. 
 Supporting and regulating services had 
lower scores than the provisioning services 
probably because of their more invisible 
benefits, and the fact that that they have a 
slower and more indirect effect on the sta-

keholders’ livelihoods and wellbeing (Oort 
et al., 2015; Quinn et al., 2015) (Fig. 3 and 
4). In some cases, however, these services 
were seen as quite important, when they 
had a clear link to the stakeholder econo-
mic activities (eg. nutrient circulation for 
rice farmers, Table 1).
 Regulating ESS was ranked as the se-
cond most important category of ESS, and 
especially water quality/clear water was 
ranked as very high among all stakehol-
ders (Table 1). Fishermen, fish-farmers 
and shrimp-farmers had the highest ran-
king of these services among all stakehol-
ders, indicating their dependence and awa-
reness of the importance of a good wa-
ter quality to support their activities. Both 
Pangasius catfish and shrimp farmers had 
experienced productions losses because of 
decreased water quality, often caused by 
their own activities, which obviously had 
made them more aware of this regulating 
ESS and how it benefited their activities 
(McDonough et al. 2014, Nguyen et al. 
2017).
 Rice farmers living in the less impacted 
LWSR area ranked water quality lower, de-
spite they still used river water for cooking 
and washing, and it seemed as the past his-
tory of a fairly good water quality in this 
area made them less concerned about wa-
ter quality problems and less aware of the 
importance of this ESS for their wellbeing 
(Berg et al. 2016). 
 Similar these stakeholders ranked natu-
ral enemies/disease control lower than the 
others, whereas Pangasisus catfish farmers 
who suffered heavily before from diseases 
ranked this quite high (Table 1).
 Supporting service, such as nutrient cy-
cling and habitats for wildlife were seen 
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as less important and also somewhat diffi-
cult for the stakeholders to relate to (Fig. 3 
and 4). Still rice farmers seemed to be more 
aware of and ranked services like soil for-
mation, nutrients cycling higher than the 
other stakeholders, again indicating the im-
portance of having own experiences to ack-
nowledge the value these services (Table 1).

 Cultural services were the most difficult 
services for the stakeholders to related to 
and also those which were ranked the lo-
west (Fig. 3 and 4 and Table 1). Still most 
farmers could relate to aesthetic values and 
festivals after some discussions and expla-
nations. 

 
 
 

 
Figure 4. Ranking (1-4, where 4 most important) of the importance of ecosystem services among 210 
stakeholders representing 8 different stakeholders group in the My Hoa Hung commune along the 
Mekong River in the An Giang province and in the Cai Be district in the Tien Giang province and the 
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Figure 4. Ranking (1–4, where 4 most important) of the importance of 
ecosystem services among 210 stakeholders representing 8 different stake-
holders group in the My Hoa Hung commune along the Mekong River in 
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Figure 3. Awareness of ecosystem services among 150 stakeholders in the My Hoa Hung commune 
along the Mekong River in the An Giang province in 2014. 
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Figure 3. Awareness of ecosystem services among 150 stakeholders in the 
My Hoa Hung commune along the Mekong River in the An Giang province 
in 2014.
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Stakeholders perception of status 
and trends in ecosystem services
The majority of the farmers felt that pro-
visioning ESS, such as the production of 
rice and fish had increased and would con-
tinue to increase in the future (Fig. 5). Ho-
wever, most farmers also felt that this had 
been achieved through a decrease in other 
ESS (Fig. 5). Some rice farmers, applying 

intensive rice monoculture felt that the rice 
yield had peaked and would not be pos-
sible to increase in the future (Berg et al. 
2016).
 Most stakeholders felt that the yield of 
wild organisms (animals and plants) had 
decreased and would continue to decrease 
in the future, mainly because of increased 
water pollution and intensified farming 
methods (Fig. 5). Many said that less in-

Table 1. Importance (Likert scale 1–5 where 5 most important) of identified river ecosystem services 
to different stakeholder groups in the My Hoa Hung commune along the Mekong River in the An Gi-
ang province in 2014.

	
	
	
       

Pangasius 
catfish 
farmers 

Rice/ 
vegetable 
farmers 

Other 
aquaculture 
farmers 

Ecotourism 
operators 

Artisanal 
fishermen 

All 

(N = 35) (N=55) (N=35) (N=10) (N=20)  
  

mean mean mean mean mean mean 

1. Provisioning services 4 3,5 3,8 3,3 4,2 3,8 
   a. Clear water 4,1 3,5 3,9 3,2 4,3 3,8 

   b. Cultivated goods 4,5 4,5 4,7 4,4 4,6 4,6 

   c. Food supply 2,9 2,5 1,9 1,8 2,3 2,4 
2. Supporting services 3,1 3,4 3,3 3,3 2,8 3,2 
   a. Soil formation 0,8 0,9 0,7 0,9 1,1 0,9 
   b. Nutrient cycling 3,2 3,6 3,2 3,0 2,8 3,3 
   c. Ecosystem maintenance 2,3 2,8 3,0 2,0 3,3 2,7 
3. Regulating services 3,3 3,2 3,1 3,2 3,0 3,2 
   a.  Flood regulation 2,8 3,1 2,9 2,8 3,1 3,0 
   b.  Disease regulation 3,7 3,3 3,3 2,5 - 3,3 
   c.  Climate regulation 2,8 3,4 1,0 1,0 2,0 2,0 
   d. Water quality maintenance 3,1 2,8 2,9 3,2 2,5 2,9 

e. Landslide control 0,8 0,9 0,7 0,9 1,1 0,9 
4. Cultural services 2,4 1,8 1,3 3,5 1,9 2,2 
   a. Recreational fishing 2,3 1,8 1,0 4,3 2,5 2,3 
   b. Ecotourism 2,8 2,0 - 3,6 - 2,8 
   c. Research 4,0 2,0 1,0 4,0 1,0 2,4 
   d. Cuisine - - - 4,5 - 4,5 

   e. Kayak 2,3 1,8 1,3 2,0 2,0 1,8 
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tensive and more integrated farming met-
hods could improve the situation (Berg 
et al. 2016).
 The majority of farmers felt that the water 
quality had decreased and would get worse in 
the future (Fig. 5). The use of agrochemicals 
and the environmental pollution from farms, 
households and industries, were seen as the 
main reasons for the decreased water qua-
lity. A reduced use of chemicals and bet-
ter wastewater treatment systems were sug-
gested as possible solutions to improve the 
water quality, but this would require impro-
ved education and know how (Berg et al. 
2016 Nguyen et al. 2017).
 People were also concerned about a de-
clining status of disease regulation, which 
was perceived to be in a bad condition 
with increased occurrence of pathogens 
and antibiotic contamination, mainly be-
cause of intensive agriculture and aqua-
culture practices (Fig. 5). The status of 
this service was expected to decrease even 

further in the future because of a continued 
expansion and intensification of agricul-
ture and aquaculture practices (Berg et al. 
2016, Nguyen et al. 2017). Most farmers 
felt that there also had been a decline in na-
tural enemies to pests, mainly because of a 
high use of agrochemicals and habitat de-
struction (Berg et al. 2016).
 Overall the farmers felt that the habi-
tat for wildlife had decreased (Fig. 5). En-
vironmental water pollution, loss of con-
nectivity between rice fields and surroun-
ding habitats, intensive farming, high use 
of agrochemicals and illegal fishing gears 
were mentioned as the common reasons for 
the decline (Berg et al. 2016; Nguyen et al. 
2017). Rice farmers in Cai Be district said 
that the low water levels kept for the rice 
created problems for aquatic organisms and 
that the use of machines, instead of harvest 
by hand, had limited the breeding time for 
many animals (Berg et al. 2016).
 Stakeholders around the Mekong River 

Figure 5. Perceived change (decrease=less than 50% of the radius of the circle; increase=more than 
50% of the radius) of ecosystem services among; a) 60 rice farmers in the Cai Be and the Lang Sen 
Wetland Reserve during the last 15 years; b)150 stakholders in the the My Hoa Hung commune 
along the Mekong River during the last 5 years in 2014. Figures in the brackets shows the % stake-
holders agreeing to the proposed change. Provisioning ESS are represented by green color, regulating 
ESS by yellow color, supporting ESS by red color and cultural ESS blue color.
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felt that the river is an important habitat for 
many wild aquatic species, but that it was 
under increasing pressure because of incre-
asing human activities such as agriculture 
and aquaculture and increased number of 
boats and industries (Nguyen et al. 2017).
 Cultural services, were generally seen 
to be in a good status among stakeholder 
along the Mekong River, while the ma-
jority of the rice farmers in Cai Be expe-
rienced a decline in cultural services due 
to intensive farming systems, use of mach-
ines and urbanization (Fig. 5). Many rice 
farmers felt that younger people did not 
see the countryside in the same way as ol-
der people. They did not appreciate the 
aesthetic value and the life of being a rice 
farmer, but preferred to move to the cities 
to work. This was believed to be the fu-
ture trend. However, some farmers belie-
ved that cultural ESS would increase in 

the future, because of better income and 
more festivals. With more tourists visiting 
the Mekong Delta, there would be incre-
asing opportunities for ecotourism, scenic 
landscapes, recreational fishing and festi-
vals (Berg et al. 2016, Nguyen et al. 2017).

Stakeholders preferences to future 
farming systems
The majority of all stakeholders preferred 
development scenarios where future agri-
culture and aquaculture systems would be 
less intensive compared to the current sys-
tems (Fig. 6–8).
 In Cai Be and Lang Sen 83% of the far-
mers preferred rice farming systems that 
would enhance or preserve multiple ESS 
at the expense of somewhat decreased 
rice yields (Fig. 6). However, if the rice 
yield would become less than 6 tons/ha/

 
 
 
 
 

 
 
 
Figure 6. Percentage of rice farmers and rice–fish farmers in Cai Be and LSWR in 2014, who were in 
favour of intensive rice monocropping, with a high rice yield but lower quality of other ecosystem 
services, or more extensive integrated farming systems, with lower rice yield but higher quality of 
other ecosystem services 
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Figure 6. Percentage of rice farmers and rice–fish farmers in Cai Be and 
LSWR in 2014, who were in favour of intensive rice monocropping, with a 
high rice yield but lower quality of other ecosystem services, or more exten-
sive integrated farming systems, with lower rice yield but higher quality of 
other ecosystem services.
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crop, they might re-consider their choice. 
The rice–fish farmers experience was that 
an integrated system could provide both 
many ESS and an acceptable rice yield, but 
that this was hard to establish since neigh-
boring farmers used a lot of pesticides 
that influenced negatively on their rice–
fish fields. Still, they were positive about 
the complementary income from fish, and 
wanted to continue with integrated rice–
fish farming, because it diversified their 
income opportunities and provided bene-
fits to the environment (Berg et al. 2016).
 Along the Mekong River the majority 
of stakeholders (56%), dominated by agri-
culture farmers, preferred the development 
of a less intensive integrated production 
system of Pangasius catfish farming, and 
only 15% supported large-scale intensive 

Pangasius catfish farming (Fig. 7). The re-
maining stakeholders (29%) preferred the 
current Pangasius catfish production sys-
tem, mainly because they were unwilling 
to take the risk of changing into a new sys-
tem. Less than 20% of the aquaculture far-
mers were in favor of large-scale intensive 
Pangasius catfish farming (Nguyen et al. 
2017). 
 The most important advantage with a 
less intensive integrated system was that it 
would enhance ESS, that would benefit lo-
cal stakeholders, especially in relation to 
crop cultivation such as rice, vegetables 
and fruits. It was also seen as an advantage 
that the integrated system could use was-
tewater from Pangasius catfish ponds for 
rice and vegetable irrigation, and thereby 
reducing water pollution and pathogens, 

 
 
 
 
 
 
 

 
 
 
 
Figure 7. Preferred development scenarios of Pangasisus farming by stakeholders in the My Hoa 
Hung commune along the Mekong River in the An Giang province in 2014, divided into aquaculture 
farmers (n = 90) and agriculture farmers (n = 60).  
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Figure 7. Preferred development scenarios of Pangasisus farming by sta-
keholders in the My Hoa Hung commune along the Mekong River in the 
An Giang province in 2014, divided into aquaculture farmers (n = 90) and 
agriculture farmers (n = 60). 
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and at the same time reducing the input of 
commercial fertilizers. Overall it was seen 
as an appropriate and sustainable alterna-
tive to the other scenarios (Nguyen et al. 
2017).
 Similar, the majority of shrimp farmers 
in Can Gio district showed strong prefe-
rence (74%) for a less intensive production 
of shrimps and only 5% supported a more 
intensive production system, while the re-
maining 21% preferred the current sys-
tem (Fig. 8). Historical experiences with 
shrimp farming, in particular, negative ex-
periences with shrimp disease outbreaks 
had influenced shrimp farmers to value 
ESS delivered at the natural state more. 
Significantly, most shrimp farmers high-
lighted that the value of living in Can Gio 
was characterized by the clean and natural 
area and that rapid and heavy urbanization 
was something the community wanted to 
avoid. Most shrimp farmers agreed on the 

negative impacts of intensive shrimp aqu-
aculture but also stressed how it had hel-
ped to improve the local economy. Far-
mer groups also declared that aquaculture 
is necessary for an area like Can Gio to de-
velop and improve community livelihoods 
through access to modern day services and 
facilities (McDonough et al. 2014). 

Discussion
Our results indicated that stakeholders´ 
preferences of ESS are context specific, 
but there are also some overall trends that 
are similar. All stakeholders were most 
aware of provisioning ESS, in the form 
of cultivated goods, and ranked these the 
highest. Thus, it is quite clear that in an 
area dominated by agriculture/aquacul-
ture, such as the Mekong Delta, produc-
tion of provisioning ESS, such as fish and 
rice, are of key importance for the liveli-
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hoods of the majority of the stakeholders, 
and a sustainable development must assure 
a continued long term production of these 
provisioning ESS. 
 Increased yields of rice, fish and shrimps 
have provided export earnings, reduced 
poverty and helped the provinces of the 
Mekong Delta to develop financially. Ho-
wever even if the level of production and 
the financial gains are important criteria 
for measuring success also the impact on 
livelihoods and whether it delivers bene-
fits to society with minimal impacts on the 
environment are critical factors to consider 
(FAO, 2010). From an economic point of 
view, an increased production of scale may 
be a rational way to increase the profit, as 
it decreases the marginal cost for each pro-
duced unit. However, with increased pro-
duction of scale also the risk of crossing 
the carrying capacity of the supporting en-
vironment increases, with increased risks 
for negative environmental impacts.
 Too often it has been forgotten that far-
ming systems are integrated parts of the 
environment and highly dependent on 
well-functioning ESS provided by the life 
supporting ecosystem. If this is not recog-
nized it is only a matter of time before the 
farming system will impact on its own ac-
tivities. 
 Our studies showed that the majority of 
the stakeholders (dominated by farmers) 
felt that intensified production methods 
had led to a deterioration of most of the 
other ESS, that had been identified to be 
of key importance to their livelihoods and 
wellbeing. This is in accordance with the 
findings from the recently published first 
global IPBES report (Diaz et al. 2019), 
which highlights that the main driver of 

biodiversity loss and degradation of ESS 
are land use changes often related to inten-
sified farming methods.
 Thus, there is a need to rethink strategies 
for food production in the Mekong Delta, 
to avoid unwanted trade-offs, where long-
term benefits from multiple ESS are lost 
for short-term financial gains from single 
crops. Such losses of ESS, not only have 
direct impact on people’s wellbeing, but 
also restrict future options for alternative 
and diversified livelihoods, which may be 
critical for local people’s ability to adapt to 
changes following from upstream dams on 
the main stream of the Mekong River and 
climate change (Smajgl et al. 2015; Tess-
ler et al. 2016).
 The Mekong Delta is currently proba-
bly one of the most vulnerable deltas in the 
world, exposed to a multiple of different 
stressor including intensive land and wa-
ter use changes, industrialization, urbani-
zation, climate change and upstream dams 
and the task to prepare the Mekong Delta 
for an uncertain future is complex and 
challenging (Smajgl et al. 2015).
 However, the social-ecological systems 
in the Mekong Delta have a long history 
of “living with change” and knowledge 
on how to take advantage of change to en-
hance diversity and livelihood opportuni-
ties. This ability should be carefully mana-
ged to design systems that are more resi-
lient to an increasingly uncertain future. 
There are signs of a shifting attitude among 
authorities in the Mekong Delta and it is 
important to act on emerging and remain-
ing opportunities, as studies indicate that 
the adaptive capacity of central provinces 
in the Mekong Delta has become very low 
(Smajgl et al. 2015 ). 
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 Our studies show that the intensification 
of farming systems in the delta has degra-
ded several ESS and build on monocultu-
res which are vulnerable to increasing va-
riable environmental conditions, pests and 
diseases. Future strategies for food pro-
duction should instead build on a diversi-
fication of farming systems with a reduced 
use of chemicals and an increased recyc-
ling of nutrients. There is a need for a sys-
tem view where farming systems are de-
signed to enhance or at least not degrade 
ESS for a long term and healthy produc-
tion of food. Currently the intensive use of 
chemical in agriculture and agriculture im-
pact negatively on the production of wild 
organism and even on the farmed species. 
The farming system must be seen as part of 
a social-ecological system with an aim to 
safeguard the producers’ livelihoods, par-
ticularly, the small-scale farmers, which 
constitute the backbone of the aquaculture 
and agriculture sector, while at the same 
time ensuring food quality and safety as 
well as environmental integrity.
 Crop and land-use change could be 
important ways to adapt to future chan-
ges, and have the potential to substanti-
ally mitigate livelihood threats and could 
include changing from two or three crops 
of rice to a mixed regime of rice and aqu-
aculture (Smajgl et al. 2015). As indica-
ted by our results, this could build on ex-
isting knowledge and willingness to adopt 
less intensive integrated farming systems 
in the Mekong Delta, and would probably 
not only help local communities to adapt 
to future changes, but also provide options 
for diversified and sustainable food pro-
duction systems, and improve farmer’s in-
come (Smajgl et al. 2015).

 However, this would require coordina-
ted agricultural extension efforts to add-
ress adaptation impediments among far-
mers such as lack of education, skills and 
knowhow, high economic vulnerability 
and a desire to continue with present li-
velihoods (Smajgl et al. 2015, Berg et al. 
2016, Nguyen et al. 2017)
 Adaptation in this complex context 
needs to be implemented as a multilevel 
strategy that considers the local require-
ments and constraints as well as re-evalua-
ting central government plans for increased 
export oriented production of fish, shrimp 
and rice (Smajgl et al. 2015). Conservative 
governmental plans can easily create insti-
tutional impediments to change and crea-
tes path dependencies and lock-in effects 
for households (Smajgl et al. 2015). 
 An overall strategy for enhanced adap-
tability and resilience is also to safeguard 
the status and diversity of ecosystem ser-
vices (Walker and Salt 2006). This requi-
res an improved awareness of the multiple 
benefits delivered by ecosystem services 
among different stakeholders, including 
farmers and governmental officers.
 A recent external evaluation of the IP-
BES work highlights that there is still a gap 
in the implementation of ecosystem ser-
vice assessments at local and national sca-
les and it believed that the studies above 
have helped and inspired institutions in 
Vietnam to further apply these concepts 
to identify strategies for sustainable de-
velopment of agriculture and aquaculture 
development. The studies referred to in 
this paper, were done in close collabora-
tion with national universities and NGO’s, 
like WWF and governmental organisations 
like the Ministry of Natural Resources and 
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the Environment (MONRE) in Vietnam. 
A mode of “learning by doing” approach, 
clearly strengthened the science-policy in-
terface for assessing ecosystem services 
for sustainable development by both esta-
blishing closer contacts between participa-
ting institutions, but also a balanced pro-
duction of peer reviewed academic pu-
blications (Nguyen et al. 2017; Berg et al 
2016; McDonough et al. 2014) and more 
technical documents providing guidance 
to strategies for sustainable development 
in Vietnam (Hung et al. 2013; Trinh et al. 
2013). 
 We also believe that our close consul-
tation with local stakeholders helped to 
create a bottom up understanding of lo-
cal stakeholders’ perceptions of ESS, and 
foster the incorporation of different types 
of knowledge in decision making proces-
ses (Lopez and Videira, 2016). This is cru-
cial as changes in biodiversity and ecosys-
tem services are strongest felt among local 
people who directly rely on these for their 
wellbeing and livelihoods. Our approach 
show how place-based research can help 
to capture local stakeholders´ opinions 
and preferences, as well as their attitudes 
towards ESS which should be an important 
part off environmental policies for sustai-
nable agriculture/aquaculture development 
in the Mekong Delta (Quinn et al., 2015; 
Berg et al. 2016).
 In conclusion, our results show that 
rice, Pangasius catfish and shrimp farming 
relies and influence on many ESS in the 
Mekong Delta, and must be viewed in a 
broad context and not as isolated sectors. 
They are embedded in social-ecological 
linked systems and heavily dependent on 
ESS for their survival. Strategies for sus-

tainable food production must be directed 
towards methods that make use of the na-
tural environment without severely or ir-
reversibly degrading it. Local stakehol-
ders should have an influence on how fu-
ture agriculture system should be designed 
and managed and for whom. A sustaina-
ble development of agriculture and aqua-
culture must take into account the socie-
tal value of multiple ESS for an efficient 
and environmentally sound production of 
food. Otherwise there is a risk that short 
term gains, based on intensive ecosystem 
exploitations, will disrupt ESS of key im-
portance to stakeholders’ livelihoods and 
wellbeing, potentially creating economic 
and social problems.
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