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Aquaculture production is projected to surpass wild-capture fisheries as the

primary source of aquatic animal protein in the near future. Farmed shrimp—

which are amongst the most valuable aquaculture commodities—are raised

predominantly in Southeast Asia and Latin America in a variety of production

systems, spanning from extensive to intensive farming. Shrimp aquaculture has

been widely criticized for causing mangrove forest degradation and loss, leading

to calls for more sustainable aquaculture approaches that protect mangroves.

Here we examine an approach promoted as more sustainable—integrated

mangrove aquaculture (IMA): a type of farming where mangroves are planted

in or alongside shrimp ponds. We argue that mangroves within IMA shrimp

systems provide biodiversity and ecosystem functions and services that are, at

best, compromised, especially when compared to intact mangrove forests. Given

the rapid adoption of IMA approaches, including advocacy for uptake from many

governments and non-governmental organizations, there is an urgent need to

ensure that these and other aquaculture systems do not result in any conversion

of intact mangrove ecosystems into aquaculture ponds, and to identify any

benefits (or lack thereof) provided by IMA systems. The increasing adoption of IMA

may offer false promises for managing trade-offs between increasing aquaculture

productivity and mangrove forest conservation.

KEYWORDS

aquaculture, mangroves, extensive aquaculture, intensive aquaculture, farmed shrimp,
ecological benefit, ecosystem services

1. Introduction

The world’s population is projected to be an estimated 10 billion by 2050 (Food
and Agriculture Organization [FAO], 2020), increasing demand for protein (Food and
Agriculture Organization [FAO], 2022). Globally, seafood comprises ∼15% of animal protein
consumed, averaging 20.2 kg per person in 2020 (Boyd et al., 2022b; Food and Agriculture
Organization [FAO], 2022). Given that 93.8% of fish stocks are fished at or in excess of their
maximum sustainable limit, aquaculture will be key to meeting future seafood demand (Food
and Agriculture Organization [FAO], 2020). Aquaculture, excluding seaweed, accounted for
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87.5 million of the 178 million tonnes of global seafood production
for human consumption in 2020 and is projected to account for
most future growth in seafood production (Food and Agriculture
Organization [FAO], 2022). Globally, farmed shrimp production
now surpasses the volume of wild-caught shrimp (Food and
Agriculture Organization [FAO], 2020), with farmed whiteleg
shrimp Litopenaeus vannamei (vannamei) produced at the highest
volume of any farmed aquatic animal species, at 5.8 million tonnes
in 2020 (Food and Agriculture Organization [FAO], 2022). Black
tiger shrimp Penaeus monodon (monodon) production, at 717
thousand tonnes, is the 4th highest farmed crustacean species by
volume (Food and Agriculture Organization [FAO], 2022).

In tropical and subtropical coastal areas, aquaculture has
been associated with mangrove loss, with 38% of global historic
mangrove loss attributed to shrimp culture (Boyd and McNevin,
2015; Friess et al., 2019). Intact mangrove forests support rich
biodiversity and provide valuable ecosystem functions and services
(Table 1) and are principally found in intertidal zones along tropical
coastlines (Friess et al., 2019)—the same areas used for most
shrimp aquaculture. Hamilton (2013) estimated that aquaculture
accounted for 544,000 ha of mangrove forest conversion in eight
tropical countries that account for 83% of the world’s shrimp
production. While in recent years aquaculture is no longer the sole
driver of mangrove loss in Southeast Asia (Richards and Friess,
2016), there is continued pressure on these coastal ecosystems
(Toulec et al., 2019). One solution that has been proposed
to balance mangrove protection with aquaculture production is
integrated mangrove aquaculture (IMA).

IMA, or “silvofisheries,” are characterized by low-density
shrimp and fish aquaculture where mangrove trees are
incorporated into the farm system (Figures 1A, B). In some
cases, mangrove forests are converted into ponds, and some
of the mangroves are left, while in other cases, shrimp pond
areas incorporate the addition of mangroves into areas that had
previously been deforested. Other species such as milkfish in
Indonesia (Basyuni et al., 2019) are also raised in IMA systems,
but not discussed here. Several studies on the socio-economic
impacts of IMA (e.g., Ha et al., 2012b) exist, yet comprehensive
studies on the ecological dimensions and conservation benefits are
lacking. Here, we describe IMA systems within the broader context
of shrimp production, aggregating available information relating
to the biodiversity, ecosystem function, and ecosystem service
benefits of IMA systems compared to intact mangrove forests, and
discuss potential implications of continued use and expansion of
IMA systems.

2. Shrimp aquaculture production
systems and IMA

Shrimp aquaculture can be broadly categorized as either
extensive, semi-extensive, or intensive based on shrimp stocking
densities, management practices and input levels, species of
cultivation, and overall productivity. Extensive systems are
characterized by shrimp raised at low densities (<8 post larvae/m2

for monodon, and <10 post larvae/m2 for vannamei), generally
without aeration, commercial feeds, and fertilizers (Ha et al.,
2012b; Joffre et al., 2018), whereas semi-extensive systems

generally use supplemental feed but are not aerated. Intensive
systems rely on feed and aerated water to support higher
production densities (>20 PL/m2 for monodon, and >30 PL/m2

for vannamei).
IMA systems are a form of extensive shrimp aquaculture, which

rely on tidal water exchange and typically produce monodon, a
native species in much of Southeast Asia. IMA systems produce
low yields of shrimp per hectare, particularly when compared to
intensive systems that rely on feed and aerated water to support
higher levels of productivity (Joffre et al., 2015; Boyd et al., 2018).
IMA systems are typically one of two basic designs wherein
mangroves are grown either: (a) within the ponds, either in rows or
in a central mass in the middle of the pond; or (b) directly adjacent
to the ponds or on the pond embankments (Figures 1A, B and
respectively). Both types of systems usually have some connectivity
to the tidal exchanges if located in coastal areas (see Clough et al.,
2002; Bush et al., 2010).

IMA is used to integrate mangroves and shrimp aquaculture
purportedly to maintain or partially restore some of the ecosystem
functions that are lost when mangrove forests are cleared
(Primavera, 2005). Previous work has advocated that IMA
has potential to balance biodiversity benefits with aquaculture
production, subject to the IMA system design (e.g., Bosma et al.,
2016). However, the quality of ecosystem services that are restored
through IMA systems remains unproven (Figure 1C).

3. Mangrove ecosystem functions
and services within IMA

Natural and intact mangrove forests provide important
ecosystem functions and services including habitat for fisheries
production, food for local communities, traditional medicine,
and fuel and construction materials (see Table 1; Bandaranayake,
1998; Ronnback et al., 2007; Nagelkerken et al., 2008). Mangrove
forests also sequester large amounts of carbon, protect coastal
zones from storm surges, prevent erosion, and aid in nutrient
cycling (Donato et al., 2011; Guannel et al., 2016). Intact mangrove
forests have a total economic value approximately 70% higher than
mangrove areas’ that have been cleared to create shrimp farms
(Balmford et al., 2002).

Unfortunately, the biophysical conditions required for most
of the services provided by intact mangroves are not present in
IMA systems due to their fragmented nature (see Table 1 and
Figure 1C; Ronnback et al., 2007; Barbier et al., 2008; Koch
et al., 2009; Guo et al., 2017). Intact mangroves can act as fish
nursery habitat for juvenile fish to evade predation (Nagelkerken
et al., 2008). Fish larvae recruit and mature into mangrove areas
before migrating out to adjacent deeper water habitats including
coral reefs (e.g., Nagelkerken et al., 2000; Jones et al., 2010).
Tidal exchanges within mangroves are also important for local
fish communities. Predatory fish use tidal exchanges as cues to
enter and exit the mangroves to forage (Harborne et al., 2016)
and many juvenile fish use tidal exchanges to traverse mangroves
(Layman et al., 2004). IMA where mangroves are located within
the pond area are unlikely to function in a similar way because
of the lack of regular water exchange in the ponds (Joffre et al.,
2015) for wild fish to utilize. Despite mangroves being present in
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TABLE 1 Mangrove ecosystem functions and services, comparing intact mangrove forests and IMA shrimp systems.

Ecosystem
services

Intact mangroves Fragmented and IMA References

Fish habitat and nursery
functions

Mangroves provide shelter and nursery grounds for a
wide variety of aquatic organisms. This supports fish
communities within mangrove areas and adjacent reefs.
Mangroves also provide important habitat for other
important non-harvested biodiversity.

Lack of access for juvenile fish to evade predation and
grow to maturity, results in smaller fisheries and less
overall biodiversity in adjacent reefs. IMA ponds do not
provide adequate habitat for wild fish.

Nagelkerken et al., 2000,
2008; Layman et al.,
2004; Mumby et al.,

2004; Jones et al., 2010;
Ha et al., 2014; Joffre
et al., 2015; Harborne
et al., 2016; Tran and

Fischer, 2017

Food provisioning
services

Intact mangroves provide habitat for wild capture
fisheries species caught within mangroves, as well as
nursery habitat for species caught at later life stages from
adjacent ecosystems. Intact mangroves therefore enhance
fisheries both within mangrove areas and adjacent
ecosystems (e.g., coral reefs), supporting food security.

IMA systems compromise the wild capture fisheries
provisioning services of mangroves. IMA systems do not
provide access for juvenile fisheries species to use the
mangroves as nursery habitats. IMA systems also do not
support species for wild capture and restrict access for
capture fisheries. Aquaculture benefits for food security
and livelihoods from aquacultured species are often
captured by few individuals.

Ha et al., 2014; Joffre
et al., 2015; Islam and
Hossain, 2017; Friess

et al., 2020; Gutting et al.,
2021

Carbon sequestration Up to ten times more carbon is sequestered in intact
mangroves compared to other forest types. Substantial
carbon stocks build up in sediments below mangroves.

Soils in cleared mangrove areas lose their carbon stocks.
Mangroves in many IMA systems are unlikely to have
sufficient accumulated sediment to function as a carbon
sink due to regular dredging followed by dumping of
sediment that prevents the accumulation of carbon.

Donato et al., 2011;
Grellier et al., 2017;

Otero et al., 2017; Perez
et al., 2017; Ahmed et al.,

2018

Wave attenuation &
coastal protection

Intact mangroves can attenuate waves and protect against
storm surges, resulting in fewer deaths and reduced
damage during tropical storms and extreme wave events.

The level of intactness of the mangrove stand is an
important factor in storm surge mitigation. The reduced
density of fragmented mangroves or mangroves in IMA
systems reduces their ability to act as a buffer. It should be
noted that mangroves that are grown on the
embankments of shrimp ponds likely do provide some
protection against waves and storms, but greatly reduced
compared to intact mangroves.

Danielsen et al., 2005;
Zhang et al., 2012; Koh

et al., 2018

Social and cultural
importance/tourism and
recreation

Mangroves can be used as food, as medicine, to produce
fuel and salt, and for use as tannin and dye, as well as
construction material for infrastructure and equipment,
among other uses. Usually the amount of material taken
from mangrove forests for these purposes is not enough
to disrupt the mangrove ecosystem. Natural mangrove
forests can also serve as an ecotourism destination.

Fragmented or privately-owned/individually managed
mangrove stands within aquaculture farms serve few if
any community functions.

Bandaranayake, 1998;
Ronnback et al., 2007;

Murtini and Kurniawati,
2018.

these integrated mangrove aquaculture ponds, these areas must still
function as aquaculture ponds, which require embankments that
corral cultured organisms and retain standing stocks. Mangroves
in IMA farms therefore do not receive water exchanges at normal
tidal intervals, instead receiving much less frequent exchanges,
for example on a bi-monthly schedule (Joffre et al., 2015). The
embankments and sluices that are used for the water exchanges are
designed to prevent regular passage of wild organisms in and out
of the ponds, making IMA ponds poor potential habitat, unless the
species are of value as a food commodity, in which case they are
captured in the ponds to be harvested (Ha et al., 2014; Joffre et al.,
2015).

Mangroves are important in addressing climate change,
particularly carbon storage and regulation, and wave attenuation.
Mangrove stands sequester carbon at disproportionately higher
rates compared to other forest types (Donato et al., 2011). Cleared
mangrove areas lose their carbon stocks through remineralization
and eventual loss of CO2 from the soil, and losses occur over
relatively short time frames of days to weeks (Grellier et al.,

2017; Otero et al., 2017; Perez et al., 2017). Carbon sequestration
and sediment storage is likely inhibited by shrimp farming in
IMA. The ponds are maintained with periodic pond excavations
(Clough et al., 2002), and removing the soil therefore limits the
mangroves’ ability to function as sediment and carbon storage.
Wave attenuation and protection from storm surges are another
key ecosystem service provided by mangroves. For example,
mangrove cover may have played a role in minimizing deaths and
damage during tsunamis in Asia (Dahdouh-Guebas et al., 2005;
Kathiresan and Rajendran, 2005). Not only is the presence of
mangroves important for storm surge protection, but the quality
of the mangrove stand is important as well (Danielsen et al., 2005).
In that regard, IMA is no different than other forms of mangrove
fragmentation, as the density of the mangroves present is inherently
lower, diminishing the ability of mangroves to buffer storm surges.
IMA systems, especially systems which have mangroves within
pond embankments, likely serve little to no ecological function and
provide minimal ecosystem services even though mangrove trees
are present.
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FIGURE 1

Common layouts for integrated mangrove aquaculture and their benefits for biodiversity and ecosystem service provision. Integrated mangrove
aquaculture shrimp systems showing: (A) Mmangroves directly adjacent to the pond on the pond walls, and (B) mangroves within the pond as a
central mass. (C) Stylized differences between intact mangrove forests, integrated mangrove aquaculture, and cleared shrimp ponds and their value
for biodiversity and ecosystem service provision.

4. Drivers of IMA adoption

Mangrove preservation and restoration have emerged as
key attributes from government, non-governmental organization,
academia, and industry denoting responsible aquaculture. As such,
maintaining mangrove cover has been adopted as a criterion
in shrimp certification standards (e.g., Aquaculture Stewardship
Council, 2014).1 In part, certification standards have increased
the prevalence of IMA systems,with some schemes specifically
for denoting environmentally ‘responsible’ IMA farms (e.g., Selva
Shrimp; Ahmed et al., 2017). Government policies have also

1 www.asc-aqua.org

encouraged adoption of IMA. For example, in Vietnam, forest
management boards allocate mangrove forest areas for use through
certificates that grant farmers the right to cultivate shrimp in an
area for 10–20 years provided they maintain existing mangrove
forest:pond cover ratios (Nguyen et al., 2018). Governments often
count IMA mangrove cover toward national biodiversity targets
for mangrove conservation—using IMA as a tool to counter
deforestation. Scholarly research continues to advocate for IMA
approaches, often misplacing criticism against intensive shrimp
aquaculture (e.g., Ferreira et al., 2022), even though intensive
shrimp ponds have mostly moved out of mangrove areas, or are no
longer expanding within mangrove area (Boyd et al., 2018, 2022a).
Yet, adoption of IMA approaches by government and industry
to balance biodiversity conservation and ecosystem functions and
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services with shrimp production seems inappropriate given the
forest fragmentation in IMA systems and the likelihood that they
are unable to support biodiversity and ecosystem functions and
services akin to intact mangrove stands.

Most major shrimp-producing countries have agreed to the
UN’s Sustainable Development Goals, which include the intention
to end poverty and hunger as well as a commitment to
protect and restore sustainable use of natural resources and the
environment. Because of this, there remains a tension between
allowing for the growth of necessary livelihoods in shrimp-
producing countries and conserving biodiversity. To combat the
rapid loss of mangroves while balancing development needs,
governments and development organizations have encouraged the
spread of IMA to enhance smallholder livelihoods and promote
sustainable development, through projects such as “Mangroves
and Markets” in Vietnam and Thailand (SNV, 2019). These
projects mandate minimum percentages of mangrove cover to be
maintained or established in shrimp ponds (Ha et al., 2012a). As
IMA systems typically require limited nutrient inputs compared
to semi-extensive or intensive systems, extensive systems can be
a more financially feasible production option for smallholders,
which in part drives their adoption (Joffre et al., 2015). This
approach, however, undervalues intact mangroves which have
greater total economic value than converted shrimp farm ponds
in the same area (Balmford et al., 2002; Farley et al., 2010). When
mangroves are converted to aquaculture areas, local communities
lose fishing opportunities, their protective barrier against storm
surges, and other benefits intact mangroves provide. Growing
levels of aquaculture adoption have been associated with increased
income inequality and lower livelihood diversity in communities
(Orchard et al., 2015). However, shrimp farmers have reported
that IMA adoption has increased income stability, led to easier
pond management, and increased diversity of farmed products
by allowing combined shrimp, crab, and fish production (Nguyen
et al., 2018), which highlights the inherent conundrum with
mangrove conservation, livelihoods, and aquaculture. Future
policies should strive to incorporate opportunities for livelihoods
while provisioning for conservation, restoration, and improved
functionality of coastal mangrove ecosystems.

5. Meeting current and future
demand for shrimp

There is currently high demand for shrimp. Extensive farming
approaches, including IMA, are estimated to be responsible
for 13.3 percent of global production but use 46.0 percent of
global pond area (Boyd and McNevin, 2018). Shrimp demand
is predicted to increase in major export markets such as
the US, EU, China, and other Asian countries (Food and
Agriculture Organization [FAO], 2022), likely a continuing threat
to mangroves. Since many shrimp producers operate extensive
shrimp systems that have large land footprints per unit of
production, expansion of extensive aquaculture systems such as
IMA will threaten remaining mangrove ecosystems. Recent surveys
in India, Thailand, and Vietnam suggest that the majority of
intensive aquaculture production now occurs outside of traditional
mangrove habitat, and therefore those farms do not explicitly cause

mangrove deforestation (Boyd et al., 2017, 2018). Indeed, extensive
aquaculture and to an extent small shareholders, will likely be a
driver of mangrove deforestation moving forward.

If more incentives are created to intensify production,
particularly of monodon, and planned spatial management is
implemented, remaining mangroves could be preserved and some
current production areas could undergo rehabilitation (Schuur
et al., 2022). At a modest harvest of 5 t/ha/yr using intensive
practices, 2020 production levels of farmed shrimp could be met
with approximately 1.37 million ha of land for ponds, which
is approximately the current land footprint of intensive shrimp
ponds (Davis et al., 2021a). Vietnam could be a practical example.
Transitioning the estimated 43,222 ha of IMA shrimp ponds in the
Ca Mau province to intensive methods averaging 5 t/ha of native
monodon would reduce the land needed to produce annual yields
of between 9,815 and 15,776 tonnes of shrimp to approximately
2,000–3,200 ha of production land, relieving about 40,000 ha of
land for mangrove restoration (calculated based on production
intensity estimate and land cover from Joffre et al., 2015). And while
intensive shrimp farms use more energy and water, the production
is more efficient on a per ton basis, and the best case for conserving
land is to intensify current shrimp production with responsible
production practices (Boyd et al., 2021; Davis et al., 2021a,b).

6. No single solution is perfect

With more awareness of the benefits that intact mangrove
forests provide for both biodiversity and people (Ronnback, 1999;
Chong, 2007; Alongi, 2008; Nagelkerken et al., 2008; Donato
et al., 2011; Friess et al., 2020) there has been an increasing
emphasis on mangrove conservation, including efforts to identify
different approaches for providing economic revenue and protein
for communities that depend on aquaculture. Rehabilitation,
while an affordable means of increasing mangrove cover (Parish,
2005; Kamali and Hashim, 2011), does not necessarily translate
to providing all ecosystem functions and services that intact
mangroves provide, and can lead to a decrease in biodiversity
(Nam et al., 2016). Mangrove habitat rehabilitation can return
some of the benefits of intact mangrove habitats over time, but
protecting remaining mangrove habitats from conversion, and
thereby preserving the critical ecosystem functions and services,
should remain the priority. As Atwood et al. (2017) noted,
mangrove soil carbon stocks are sequestered over thousands of
years, and do not recover instantaneously.

All shrimp production systems have social and ecological
trade-offs. Excessive nutrient discharge from intensive production
systems into waterways can be problematic for the local
environment (Anh et al., 2011). There is also widely documented
antibiotic use in intensive shrimp production systems (Holmstrom
et al., 2003; Binh et al., 2018) that increases contaminant risk
and interrupts international trade as a result of violations of
food safety regulations in various countries (Ramsden, 2017;
Davis et al., 2021c). Additionally, integrated aquaculture and
intensive systems have very different financial and technical
demands which can constitute barriers of entry to intensification
that could be exclusionary for small shareholders and lead to
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consolidations of ownership (Joffre et al., 2015; Engle et al., 2017).
These social and environmental issues of shifting to intensive
production require careful consideration and planning by resource
managers and institutions through ethical production practices
and employment conditions, wise resource use, and certification
schemes that promote more equitable outcomes. Increased shrimp
production does not require, and should not need to result in, the
conversion of mangrove habitats (Davis et al., 2021a).

7. Recommendations looking
forward

As much of the past research has focused on small-holder
producers or on discrete geographical scales (e.g., Ha et al., 2012a;
Ahmed et al., 2018), it is important to recognize that the research
reviewed to date demonstrates considerable loss of ecosystem
function when IMA is practiced compared to leaving mangrove
forests intact (see Table 1), and more notably, no research has
explicitly demonstrated that IMA retains any functionality of intact
mangrove stands. To balance future demand for shrimp with global
mangrove conservation, we recommend the following to those
considering supporting IMA projects:

1) Prioritize durable protection for mangrove forests in places
where they remain, and avoid IMA encroachment into intact
mangrove systems.

2) Promote reducing the environmental footprint of shrimp
aquaculture adjacent to mangrove forests, and where possible
shift aquaculture production away from coastal mangrove
habitats to closed systems inland.

3) Prioritize mangrove restoration activities that aim to fully
establish reconnected mangrove forests under durable
protection (e.g., in old and abandoned shrimp ponds) rather
than conversion of mangrove-free functioning aquaculture
ponds into IMA systems.

4) When developing aquaculture, focus on intensifying existing
ponds’ sustainability while mitigating environmental impacts,
rather than expanding the footprint of aquaculture ponds in
mangrove habitat.

5) When engaging in IMA projects, these should be framed
from a livelihoods perspective and recognize the limited
biodiversity, ecosystem function, and ecosystem service
outcomes provided by these areas.

Conduct monitoring and research to document social,
governance, and environmental outcomes from IMA. Case studies

of successful initiatives to transition smallholders to more intensive
practices should be shared, and innovative financing mechanisms
for such projects should be explored.

Changing current production systems and policies will be no
small endeavor and while we recognize that this may be at odds
with local policies and priorities in the near term, a new paradigm
around mangroves and aquaculture is needed to harmonize the
relationship between shrimp aquaculture and mangroves.
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