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Mangrove Concessions: An Innovative Strategy
for Community Mangrove Conservation
in Ecuador

25

Fausto Vinicio López Rodríguez

Abstract
The sustainable use and custody agreements of mangrove
forests (Mangrove forest concessions) emerged in 1999 as
a complementary strategy to the national protected area
policy strategy. This innovative strategy supports the con-
servation of mangrove forests by providing legal security
to traditional mangrove users, conceding them land rights
concessions and thereby promote the participation of local
communities in the conservation of mangroves, allowing
the sustainable capture of biodiversity mainly of sea shells
and crabs. This chapter includes a case study of the asso-
ciation of artisanal fishermen and related activities named
“Costa Rica”, located in the province of El Oro. This
association obtained in 2000 a mangrove forest conces-
sion, being one of the first in the country. After 17 years of
signing the agreement with the National Government, in
spite of anthropogenic pressure, mainly from the shrimp
industry, the area maintained its mangrove forest cover
and the association has been able to sustainable use the
mangrove resources, especially the black ark or blood
cockle (Anadara tuberculosa).

Keywords
Mangroves · Mangrove concessions · Participatory man-
agement of mangroves · Mangrove deforestation · Shrimp
industry · Black arch production

25.1 Introduction

Mangrove forests are a type of tropical forest of great impor-
tance for the livelihoods of millions of people around the
world. Globally, mangroves cover about 152,360 km2

(150236.000 ha) in 123 countries (Spalding et al. 2010).
More than 100 million people worldwide live within 10 km
of mangroves, benefiting on a permanent basis from a wide
variety of ecosystem goods and services provided by the
mangrove forests (UNEP 2014).

Communities directly benefit from goods such as wood
(used for construction, furniture, firewood, etc.) and aquatic
fauna (mollusks, fish, crustaceans, etc.), which is crucial for
their food security (UNEP 2014). Mangroves are among the
most productive source of renewable resources on the planet.
The primary production levels of mangroves surpass those of
many agricultural systems, producing about 10 g/m2 per day
of organic material which amounts up to 37 metric tons per
hectare per year (Center for Integrated Natural Resource
Mapping by Remote Sensing et al. 2007). These ecosystem
goods and services are estimated to amount up to US
$33.000–57.000 annually per hectare for the national
economies of the developing countries that possess
mangroves (UNEP 2014).

The economic potential of mangroves comes from three
key sources: forestry products, estuary and littoral fishing and
ecotourism. Mangroves also play a key role in the protection
of coasts and the management of habitats for species that are
threatened and critically endangered (FAO 1994). This
means that in addition to the important ecosystem services
provided to human beings, mangroves are key for the conser-
vation of species that are threatened due to anthropogenic
activities.

In addition to the benefits mentioned above, mangrove
ecosystems are capable of storing about 1.000 tons of CO2

per hectare in their biomass and subsoil. This fact makes of
mangroves one of the richest ecosystems in terms of carbon
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in the planet. Consequently, the greenhouse gas emissions
from mangrove deforestation are among the highest produced
by land use changes in the tropics. Greenhouse gas emissions
due to mangrove deforestation represent up to 1/5 of the
global emissions produced by deforestation (UNEP 2014).

Despite its importance, mangroves are disappearing
worldwide by 1–2% per year, a deforestation rate greater
than tropical rainforests. It is estimated that nearly 35% of
global mangrove forests no longer exist (World Wildlife
Fund 2015). Losses are occurring in almost every country
that has mangroves, especially in developing countries,
where more than 90% of the world’s mangroves are located.
The economic cost of mangrove deforestation is US $42 bil-
lion per year (UNEP 2014). Fragmentation and deforestation
put the long-term survival and essential ecosystem services of
mangroves at great risk (Polidoro et al. 2010). Main drivers
of mangrove loss are aquaculture (shrimp farming), coastal
development and logging for timber and fuel production
(Kavanagh 2014; Polidoro et al. 2010).

World catch of shrimp is about 3.4 million tons per year.
China, together with four other Asian countries, accounts for
55% of the world catch. Globally, 40% of shrimp production
comes from shrimp farming. Annual export of shrimps is
currently worth more than US$10 billion, or 16% of all
fishery exports (FAO 20151). Although it’s a very important
industry, shrimp fisheries are the major source of fisheries
conflict and problems in the mangrove forests (Gillett 2008).

Mangroves are critically endangered and approaching
extinction in 26 out of the countries having mangroves
(Polidoro et al. 2010). Eleven of the 70 mangrove species
(16%) are at elevated threat of extinction, particularly in the
Atlantic and Pacific coasts of Central America, where as
many as 40% of mangroves species present are threatened
with extinction (Polidoro et al. 2010; Kavanagh 2014).

Ecuador is the smallest of the mega diverse countries in
the world, and perhaps the most diverse of the planet
according to the number of species per hectare. This amazing
biodiversity is represented at the genetic, species and ecosys-
tem level and is due to factors such as: its equatorial location,
presence of the Andes and Coastal mountains, multiple
climates and the circulation of ocean currents: the cold
Humboldt current and the warmer El Niño current (García
et al. 2015). Thus, in Ecuador exist 24 of the 27 globally
recognized marine and coastal ecosystems.

Of the 13 globally recognized coastal ecosystems, 12 can
be found in Ecuador, amongst this is the mangrove ecosystem
(Hurtado-Domínguez et al. 2012; Ministerio del Ambiente
and GIZ 2012; FAO 2012).

Of the South Pacific countries, Colombia has the largest
area of mangrove forests with 370.000 ha (more than
two-thirds are located in the Pacific) (CPPS et al. 2013).
Ecuador has 161.835 ha of mangrove forests (Ministerio del
Ambiente de Ecuador 20171) while Peru has around 6.000 ha

of mangroves (CPPS et al. 2013). The mangrove surface
related to country surface in Ecuador is 0.60%, followed by
Colombia with 0.31% and Peru with 0.01% (Yáñez–
Arancibia; Lara–Domínguez 1999).

Approximately, 39% of Ecuador’s territory lies within
100 km of the coast. 58% of the Ecuadorian population
lives in this area, and depends on the services provided by
marine and coastal ecosystems, such as mangroves (FAO
2012; Terán et al. 2006).

In spite of the importance of this ecosystem, in Ecuador, in
the late 1970s, mangroves were considered unproductive
areas, leading to aggressive deforestation causing the loss of
27.7% of its coverage. In 2006, the mangrove land coverage
was 147228.6 ha (Bravo 2013), an extension that increased
by 14,067 ha in 2016, recovery attributed to reforestation and
natural regeneration of mangrove forests (Ministerio del
Ambiente de Ecuador 20171).

This chapter presents the historical and current situation of
mangroves in Ecuador, their importance and main threats,
and the conservation efforts taken to combat mangrove defor-
estation, including policies and regulations, the creation of
protected natural areas and, upon request of ancestral
communities1 and traditional mangrove users,2 the creation
of the innovative conservation mechanism called: Sustain-
able Use and Custody Agreements of Mangrove Forests also
called Mangrove Forest Concessions.

25.2 Mangrove Forests in Ecuador

25.2.1 Distribution and Coverage of Mangrove
Forests

Located in the Eastern South Pacific, the coast of continental
Ecuador has a length of about 2500 km (excluding the
Galapagos Islands). Within 15 km from the coast there are
345 human settlements with a total population of 3,943,912
people, equivalent to 32.44% of Ecuador’s population
(Ministerio del Ambiente S.f.). Many of the coastal
communities depend on marine and coastal resources for
their livelihood (Ministerio del Ambiente and Conservación
Internacional-Ecuador 2017). Fishing, aquaculture and
coastal tourism are some of the main economic activities.
(See Fig. 25.1)

1Ancestral communities are human groups that historically lived in a
specific geographical area in which they have coexisted with their
ecosystems, obtaining benefits from the natural resources for their
subsistence (Ministerio del Ambiente de Ecuador 20171).
2 Traditional users are human groups that over a long period of time have
benefited of the natural resources of a specific geographical area for their
subsistence (Ministerio del Ambiente de Ecuador 20171).
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In Ecuador, mangrove forests are distributed along the
coast from the province of Esmeraldas in the north of
Ecuador to the province of El Oro in the south of the country
(Quizhpe 2008).

In 1969, the surface covered by mangroves in Ecuador
was 203.624 ha. According to the Center for Integrated
Natural Resource Mapping by Remote Sensing et al.
(2007), by 2006, this area had been reduced to
147.228,60 ha, that is a reduction of 56.395,9 ha or 27.7%
of the mangrove present in 1969. Ecuador’s Ministry of
Environment, states that currently there are 161.835 ha of
mangroves in the country. This increase in mangrove cover
is likely to be a result of reforestation programs and
natural regeneration (Ministerio del Ambiente de Ecuador
20171).

According to a study carried out by Center for Integrated
Natural Resource Mapping by Remote Sensing et al. (2007),
99.8% of remaining mangroves are found in six key
estuaries: Cayapas Mataje (21.400 ha), Muisne (1.558 ha),
Cojimies (2.742 ha) and Chone (933 ha), all in the north of
the country; and the Gulf of Guayaquil (105.130 ha) and the
Jambelí Archipelago (15.208 ha) both in the south of the
country. (See Fig. 25.2)

The Cojimies estuary (79.1%), the Chone estuary (76.5%)
and the Jambelí Archipelago estuary (56.2%) have lost most
of their mangrove coverage, caused mainly due to land use
change related to shrimp farming and urban development
(Bravo 2013). (See Table 25.1)

25.2.2 Flora of Mangrove Forests

Mangrove forests are mainly composed by the following
mangrove species: Rhizophora mangle, R. racemosa, R. x
harrisonii, Laguncularia racemosa var. racemosa,
L. racemosa var. Glabriflora y Avicennia germinans (MAE
and FAO 2014). A recent study by Cornejo (2014) recorded
179 species of vascular plants in the country’s mangroves
(Cornejo ed. 2014). The red mangrove (Rhizophora mangle
L.) is the most abundant species found in Ecuador (Bravo
2013). (See Fig. 25.3)

25.2.3 Fauna of Mangrove Forests

Although the diversity of plant species in mangrove forests is
relatively low compared to other ecosystems, the diversity of
animals is much higher. In Ecuadorian mangroves there are
52 species of birds, 15 species of reptiles, 19 species of
mammals, approximately 100 species of fish, 20 of
crustaceans and 70 of mollusks. These animals can be
found in this ecosystem primarily due to its importance as
an area for shelter, food and / or reproduction (MAE and
FAO, 2014).

Many of the animal species found in the mangroves,
whether visitors or residents, are of food and commercial
importance for nearby communities because of their
nutritional value and abundance, among which we can

Fig. 25.1 Five key
environmental services provided
by mangrove forests. Mangroves
help build and maintain the
integrity of coastal areas, are
highly productive and maintain a
complex network of ecological
interactions. They are the
breeding grounds for a wide
variety of fish, mollusks and
crustaceans and a food source for
many vertebrate and invertebrate
species. It is estimated that at least
two-thirds of edible species of fish
need the mangrove to survive. In
Ecuador, thousands of artisanal
fishers depended on mangroves
for generations onwards, for
subsistence fishing, as well as a
principal source of income.
Ecuador determined the economic
cost of the loss of environmental
goods and services due to
mangrove destruction and its
restoration cost per hectare on
USD 89,273.01 (Gobierno de la
República del Ecuador 2011a, b;
CPPS et al. 2015; Beitl 2010)
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mention the crabs (Ucides occidentalis, Callinectes arcuatus,
C. toxins), shrimp (Litopenaeus stylirostris, L. vannamei),
black ark (Anadara tuberculosa), mussels (Mytella
guyanensis), oysters (Crassostrea columbiensis), clams

(Protothaca sp., Chione subrugosa) and dozens of fish spe-
cies like Lily (Mugil cephalus), corvina (Cynoscion albus),
sea bass (Centropomus spp.), Snapper (Lutjanus sp.) etc.
(Castellanos-Galindo et al. 2012).

Fig. 25.2 Location of main
mangrove areas of the continental
territory of Ecuador. The Gulf of
Guayaquil estuary is the largest
area of mangrove forest
(105,130 ha) followed by the
Cayapas Mataje estuary with
21,400 ha and the Jambelí
Archipelago estuary with
15,208 ha. The Chone estuary
(933 ha) is the smallest of all
(Center for Integrated Natural
Resource Mapping by Remote
Sensing et al. 2007). (Map:
Conservacion Internacional-
Ecuador 2016)

Table 25.1 Mangrove coverage in the five main estuaries of Ecuador

Estuary 1969 1984 1987 1991 1995 1999 2006
% of coverage loss (using data from 1969 and
2006)

Cayapas Mataje 23.677 23.653 23.507 22.863 21.947 22.057 21.400 9,6

Muisne 3.282 2.701 2.445 1.340 830 1.187 1.187 52,5

Cojimíes 13.123 9.917 8.466 6.028 3.651 1.921 2.742 79,1

Chone 3.973 1.673 1.040 784 391 705 932 76,5

Golf of Guayaquil 124.320 119.277 115.784 109.608 102.108 104.715 105.130 15,4

Archipelago of
Jambelí

34.712 24.592 23.570 21.092 17.697 19.111 19.111 56,2

Total 203.624 181.815 174.815 161.718 146.628 149.699 146.971 27,6

The highest absolute annual deforestation rate occurred in the period from 1991 to 1995 (2.35% per year), and in the period from 1995 to1999 a
mangrove recovery was observed. For the period from 1999 to 2006, the deforestation rate is 0.13% per year (Center for Integrated Natural Resource
Mapping by Remote Sensing et al. 2007). On the contrary, in the decade from 2006 to 2016 there is again a mangrove recovery of 15,835 ha
(Ministerio del Ambiente de Ecuador 20171)
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Mangrove productivity, which is reflected by the pres-
ence, abundance and status of the populations of its species,
is directly related to the extent, state and quality of conserva-
tion efforts of mangrove forests (Castellanos-Galindo et al.
2012; Bravo 2013).

Amongst the mangrove fauna in Ecuador, there is also a
tiny species of mite (Hattena rhizophorae), a visitor to the
flowers of the red mangrove. This species has been discov-
ered in the country’s mangroves in 2006, being its genus
unknown to the American continent (Cornejo and González
2015).

The most relevant bird species found are the Magnificent
Frigatebird (Fregata magnificens), Blue-footed booby (Sula
nebouxii), Neotropic Cormorant (Phalacrocorax
brasilianus), Brown Pelican (Pelecanus occidentalis),
Black-crowned Night-Heron (Nycticorax nycticorax), Rose-
ate Spoonbill (Platalea ajaja) amongst others. These bird
species are attracted to mangroves due to the abundance of
prey and nesting places. Only in the Jambeli Archipelago
(El Oro province), 115 bird species have been recorded

(A. Orijuela, personal communication, May 22, 2017). This
number is relatively high given the previous high rates of
mangrove deforestation of the 70s and the 80s. Due to this
fact, Birdlife International has included the remaining man-
grove forest of the Jambelí Archipelago among its 108 impor-
tant bird areas (IBAs) in Ecuador (BirdLife International and
Conservation International 2005) (Fig. 25.4).

Many of these bird species are abundant and can be easily
seen perching and nesting on the mangroves or flying over-
head making them an important ecotourism attraction (Bravo
2013).

In terms of reptiles, the once abundant American crocodile
(Crocodylus acutus) is rarely seen in the mangroves of
Ecuador. Green marine turtles (Chelonia mydas) are common
in the Jambeli Archipelago. Similarly, researchers have been
able to track Hawksbill (Erytmochelys imbricata) nesters and
juveniles in the estuaries of the archipelago (García et al.
2015). This is very important reason for mangrove conserva-
tion given the endangered status of these marine turtle
species.

Fig. 25.3 Roots of red mangrove (Rhizophora mangle L.) during low
tide in the Costa Rica Island, Archipelago of Jambelí. This specie is
characterized by its large stilt-like roots that accumulate sediments,
making up the habitat of mollusks and crustaceans that play a key role
in the local economy of nearby communities. This mangrove species
developed physiological and anatomical adaptation strategies as a
marked tolerance to high concentrations of salt and adaptations to deal

with unstable soils. Due to its high resistance in saline environments, the
red mangrove wood has been used in the construction sector as columns
on docks and in the construction of houses. It is also used to make
hammocks and crafts. The red mangrove is currently the most used
mangrove species in reforestation programs in Ecuador (MAE and FAO
2014). Photo credit: Adrián Orihuela
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25.2.4 Threats to Mangrove Forest in Ecuador

Anthropogenic activities are the main drivers of mangrove
destruction around the world. The destruction of mangroves
is related to habitat destruction, over exploitation of
resources, lack of urban planning, shrimp farming, cattle
ranching, agriculture, aquaculture, urban solid waste, indus-
trial pollution, pesticide and fertilizer pollution, oil spills, and
alteration of hydrological conditions (Spalding et al. 2010).
Anthropogenic activities substantially alter the composition,
structure and function of mangroves reducing the ecosystem
services these provide.

In Ecuador, changes in land use from mangroves to
shrimp farms and urban development are the main factors
of mangrove forest loss. Mangroves are increasingly threated
by aquaculture activities and especially by shrimp farming.
(See Fig. 25.5)

Although the shrimp industry is of great importance for
the country, this industry is the principal cause of mangrove
destruction in Ecuador. This activity encourages mangrove
forest fragmentation and results in a reduction of goods and
services provided by the mangrove ecosystem (Polidoro et al.
2010; Aschenbroich et al. 2015). In Ecuador, before the
development of shrimp farms, the subsistence economy of
coastal inhabitants was based on a traditional use of the
mangrove ecosystem that included the extraction of mollusks
and crustaceans and the production of vegetable coal (Latorre
2014).

After the startup of the first shrimp farms in the 1960’s, the
Ecuadorian government started to see mangroves as a source
of economic development and promoted shrimp farming.
This is how Ecuador became one of the major producers of
farmed shrimp in the world, which caused a consequent loss
of a significant area of mangrove forest.

According to Ecuador’s National Chamber of Aquacul-
ture, in 2015 there were 213,000 ha allocated to the produc-
tion of shrimp, out of which 181,000 ha were originally
mangrove ecosystems. There are around 3000 shrimp farms
in Ecuador (Revista Líderes 2015). The Guayas province had
the most shrimp farming activity with about 140,000 ha of
shrimp pools and generating 66% of Ecuador’s total shrimp
production. The provinces of El Oro, Manabí, Esmeraldas
and Santa Elena followed with 18%, 9%, 6% and 1% of
Ecuador shrimp production respectively (Cámara Nacional
de Acuacultura 2017).

In addition to the direct loss of mangrove forests during
the construction of a shrimp farm, these also liberate effluents
rich in organic and inorganic particles causing destruction to
nearby mangroves due to contamination (Hurtado-
Domínguez et al. 2012; FAO 20152).

The deforestation of mangroves in Ecuador coincides with
the growth of the shrimp farming industry. Recent studies
have shown that 80% of the loss of mangrove carbon in
Ecuador is due to the direct displacement of mangroves by
shrimp farms (Hamilton and Lovette 2015).

Fig. 25.4 The Roseate Spoonbil
(Platalea ajaja) is a very large
pink colored bird with an
unmistakable long flattened and
spatulate beak. It measures from
71 to 79 cm and feeds on small
fish and crustaceans. Photo credit:
Adrián Orihuela
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25.2.5 Shrimp Farming in Ecuador

Ecuador is one of the major producers of shrimp around the
world. The provinces with the most shrimp farming activity
are Guayas, El Oro and Esmeraldas (IUCN and CI Ecuador
2016). In 2016, Ecuador sold close to US $2.5 billion of
shrimps, 13% more than in 2015, making shrimp the second

major non-petroleum export product according to Ecuador’s
Central Bank. According to Ecuador’s National Chamber of
Aquaculture, 20% of non-petroleum exports are generated by
the shrimp industry. The growth of the shrimp industry has
been progressive over the last 20 years (Cámara Nacional de
Acuacultura 2017). (See Fig. 25.6)

Fig. 25.5 Drivers of mangrove
degradation in Ecuador. This
generates a series of problems for
the human being: the loss of food
that is extracted directly from the
mangrove s and the loss of
environmental services provided
by this ecosystem. Many cities on
the Ecuadorian coast are located
in areas that were mangrove areas
in the past. In 1994 it was
estimated that approximately
3000–5000 ha of mangrove
forests have been destroyed by
uncontrolled growth of cities
(Guayaquil, Machala and
Esmeraldas). Guayaquil, the
country’s largest city, is located in
what was used to be a mangrove
area (Spurrier 2012)

Fig. 25.6 Ecuador’s shrimp
export during the period
1994–2016. While in 1994,
Ecuador exported 156 million
pounds of shrimp equivalent to
more than US $514 million, in
2016 the country exported close to
800 million pounds
(US $2.5 billion), the highest
amount of income since 1994
(Cámara Nacional de Acuacultura
2017)
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The principal export market for Ecuadorian shrimps is the
Asian continent, receiving 58% of its export volume in 2016
(and 61% in 2015). The United States and Africa were
second with 19% each in 2016. It is estimated that the shrimp
industry generates 180.000 direct and indirect jobs and that
together with the fishing industry it makes up 5% of
Ecuador’s employment (Bernabé-Argandona 2016).

It is important to mention that the growth of the shrimp
sector in Ecuador has been related to some illegitimacy
issues. Even though, article 54 of Ecuador’s Secondary Envi-
ronmental Law (Texto Unificado de Legislación Ambiental
Secundaria-TULAS), (Gobierno de la República del Ecuador
2003) states that: “no government institution or entity will
authorize the construction of new shrimp farm pools or the
extension of existing shrimp farms located in the mangrove
ecosystem and its buffer zone.”, many shrimp farms were
built since this legislation entered into force in 2003.

Ecuador’s Aquaculture Sub-Secretariat (Subsecretaria de
Acuacultura) estimated that in 2013, 66% (6.192 ha) of the
shrimp farms in Esmeraldas province were illegal. Similarly,
in El Oro, Manabí and Guayas provinces, illegal shrimp
farms made up to 59% (8434 ha), 39% (12,576 ha), and
18% (17,437 ha) of the shrimp farming land respectively
(Government of the Republic of Ecuador 2008).

The executive decrees No. 1391 (Government of the
Republic of Ecuador 2008) and No. 852 (Government of
the Republic of Ecuador 2016) describe the regulation of
shrimp enterprises and establish that shrimp enterprises
created after 1999 are illegal when they occupy areas that
belong to the State or are located within protected areas. It
also defines the maximum extension of shrimp concessions:
for natural persons up to 250 ha and for legal persons up to
1000 ha. In these executive decrees the period of
concessions was increased from 10 to 20 years, period

Fig. 25.7 Shrimp pond. The construction of shrimp farms has been
directly linked to mangrove destruction, the main cause of the decline in
the reproduction of mollusks and crustaceans (shell and crab). In addi-
tion, a study carried out by the UnderSecretariat of Marine and Coastal
Management of the Ministry of Environment (MAE-SGMC) deter-
mined that in 4 out of 6 analyzed protected areas that belong to the
National Protected Area System there were new shrimp farmers installed
or old ones expanded their area after the date of the declaration of the

protected area. On the other hand, and in compliance with Decree 1391,
the MAE-SGMC, until October 2012, had approved 745 reforestation
plans submitted by shrimp farmers. Most of these plans belonged to the
province of El Oro (263) and Guayas (221) (Ministerio del Ambiente
20172). The Ministry of Environment estimate that between 2008 and
2017, 2614 ha of deforested mangroves where reforested. Photo credit:
Javier Vásquez
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that can be renewed, but obliges the concession holders to
reforest mangrove forests being cut until 2015. In compli-
ance with this regulation, between 2010 and 2012,
40 shrimp farms have been evicted adding up to
2495.86 ha of shrimp farms (Government of the Republic
of Ecuador 2016) (Fig. 25.7).

In addition, the Ministry of Environment’s resolution
056 establishes fines up to US$89,273 per hectare for cutting
down mangroves (Gobierno de la República del Ecuador
2011a, b).

According to the Center for Integrated Natural Resource
Mapping by Remote Sensing et (2007) the evolution of the
surface of shrimp pools from 1984 to 2006 is as follows. (see
Table 25.2):

25.2.6 Environmental and Socio-economic
Impacts of Shrimp Farming in Ecuador

Despite the economic importance of the shrimp industry, it is
the main cause of the destruction of the mangrove forest in
Ecuador, and related to the reduction of ecosystem services of
mangroves (Latorre 2014; Revista Líderes 2015)
(Table 25.3).

Latorre (2014) indicate that in Ecuador, before the develop-
ment of the shrimp farming industry, traditional uses (mainly
collection of crab and shellfish, along with coal production)
played an important role in the subsistence economy of the
inhabitants living along the Ecuadorian coast. With the expan-
sion of shrimp farming at the end of the 1960’s, the situation
changed, and mangrove areas were seen by the Ecuadorian
State as a potential source of economic development through
the promotion of the shrimp industry.

The destruction of mangroves and degradation of the
associated biodiversity had multiple negative impacts on the
communities and traditional users who benefited from
resources and ecosystem services provided by mangroves.
Increased effort is required to collect biodiversity species that
provide food security and income to the local population.
Unemployment rates increased amongst traditional mangrove
users, losing their traditional work, as shell and crab collection
(Bravo 2013). Mangrove conversion has caused the overex-
ploitation of the mangrove cockle (Anadara tuberculosa and
A. similis), a bivalve mollusk harvested from the roots of
mangrove trees, locally known as concha prieta (Beitl 2010).
Another social impact caused by mangrove deforestation are
community displacement, the decrease of resource rights, the
reorganization of local economies, increase in economic

Table 25.2 Evolution of the shrimp areas in the period of 1984–2006

Year

1969 1984 1987 1991 1995 1999 2006 2016

Shrimp farms (ha) 0 89.368 117.728 145.998 178.071 175.253 175.748 210.000

The main expansion of the surface of shrimp pools in Ecuador occurred during the first two decades after its first introduction to the country. Since
1995 the expansion of this industry stabilized (Center for Integrated Natural Resource Mapping by Remote Sensing et al. 2007)

Table 25.3 Evolution of the mangrove area in the period 1969–2016

Year

1969 1984 1987 1991 1995 1999 2000 2006 2016

Mangrove (ha) 203.695 182.157 175.157 162.186 146.938 149.556 127.690 148.230 161.835

Since the period 1995–1999 the negative deforestation rate changed into a situation of mangrove recovery of 0.23, becoming again negative for the
period 1999–2006, with 0.025% per year (Fig. 25.8)

Fig. 25.8 Comparison of
mangrove coverage (ha) and
extension of shrimp farms
(ha) between 1969 and 2016.
Since 2006 the coverage of
mangroves has remained
relatively stable, while the area
covered by shrimp farming has
increased to 210,000 has. The
main loss of mangrove coverage
occurred between 1969 and 1995
(Center for Integrated Natural
Resource Mapping by Remote
Sensing et al. 2007)
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disparity and social conflict (Beitl 2010; C-CONDEM 2007;
Martinez-Alier 2001; Stonich and Vandergeest 2001).

In addition to the direct loss of mangroves due to shrimp
pool construction; shrimp farms also impact neighboring
mangroves by releasing large quantities of effluents rich
inorganic and inorganic particles and nutrients (Páez-Osuna
2001). Shrimp production in pools requires the use of
antibiotics, in addition to fertilizers, pesticides and other
chemicals for the treatment of water and soil, causing the
indirect destruction of nearby mangroves due to water pollu-
tion by the above mentioned chemicals.

After leaving the shrimp farming activity the soil is unsuit-
able for any other productive activity due to soil salinization
and soil contamination (Bravo 2013).

25.3 Mangrove Forest Conservation Efforts
in Ecuador

25.3.1 Protected Areas

The first strategy to stop rapid loss of mangroves in Ecuador
was the creation of protected areas. In 1979 the Manglares
Churute Ecological Reserve was created, located north of the
equator in the province of Esmeraldas, followed by the
Cayapas Mataje Ecological Reserve in 1995.

Nowadays, Ecuador has 14 marine and coastal protected
areas, together accounting for about 8% of all total coverage

of protected areas in the country. Nine of these areas contain
(total or partially) mangroves forest. (See Table 25.4)

25.3.2 The Mangrove Sustainable Use
and Custody Agreements (Mangrove
Forest Concessions)

The term “traditional or ancestral communities” is enshrined
in the Constitution of the Republic of Ecuador. It recognizes
the existence of indigenous peoples and Afro-Ecuadorians
who define themselves as nationalities with ancestral roots,
which are part of the Ecuadorian State. These are groups of
people who live according to organizational traditions
established prior to the emergence of the modern state
(National Constituent Assembly 2008). The Unified Text of
Secondary Environmental Legislation (TULAS), establishes
that “. . . the ancestral communities may request to be granted
the sustainable use of mangroves for subsistence, develop-
ment and marketing of fish, mollusks and crustaceans, among
other species, which grow in this habitat.” Such requests of
ancestral users and communities is agreed upon by a “Sus-
tainable Use and Custody Agreements of the mangrove forest
(Gobierno de la República del Ecuador 2003).

The idea of these “Sustainable Use and Custody
Agreements for the of the mangrove forest” already emerged
in 1994, due to recognizing the need to defend mangrove

Table 25.4 State managed protected areas with mangrove forests coverage

Name of the protected areas Month/year of creation Total extension (ha)

1 Mangroves of Churute ecological reserve July 1979 49,389

2 Cayapas Mataje ecological reserve October 1995 51.300

3 Esmeraldas River wildlife refuge June 2008 242

4 Mangroves Muisne River wildlife refuge March 2003 3173

5 Islas Corazón y Fragatas wildlife refuge October 2002 2811

6 Mangroves El Morro wildlife refuge September 2007 10.030

7 Mangroves of El Salado Reserve for Fauna November 2002 10,635

8 Isla Santay national recreation area February 2010 2215

9 Arenillas ecological reserve May 2001 13,170

Source: http://areasprotegidas.ambiente.gob.ec
These nine protected areas all belong to the State managed natural protected areas system (PANE in Spanish), one of the four subsystems that make
up the National System of Protected Areas (SNAP). Mangrove areas under the Sustainable Use and Custody agreement have an important
conservation role due to its close distance to natural protected areas of the SNAP, some are even located within the protected areas

Table 25.5 Distribution of mangroves according to their legal status

Mangrove distribution Surface coverage (ha) % Source

Protected areas (SNAP) (2012) 73.071 46,5 Astudillo et al. (2014)

Mangrove concessions (2014) 65.933 42,0 SGMC

Mangrove forests without conservation status (to 2014) 18.020 11,5 Astudillo et al. (2014)

TOTAL 157.024 100

Protected areas contain 73.071 ha of mangrove forests or 46.5% of the total existing mangrove forests in Ecuador. 42% of the mangrove forest is
protected through sustainable use and custody agreements or mangrove concessions. The remaining 18.020 ha of mangroves are protected according
to law, but are not covered by the national protected area system or mangrove concessions (see Table 25.5)
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forests from logging and the consequent loss of biodiversity
associated with mangrove (Bravo 2013).

Formally, the “Acuerdos para el Uso Sustentable y
Custodia del Manglar ¨ (In English: Sustainable Use and
Custody Agreements for mangrove forests), also known as
“Mangrove Forest Concessions”, were introduced in 1999 in
order to prevent the clearing of mangrove forests and to
provide legal land use rights to ancestral communities and
traditional users of the mangrove forests. They aim to pro-
mote community participation in the defense and conserva-
tion of the ecosystem and to maintain the traditional use of
fish, mollusks and crustaceans by local communities. These
agreements give ancestral communities and traditional users
the exclusive use of mangrove resources for 10 years, in turn,
they are requested to protect the ecosystem. Thereby, these
agreements complement the national conservation strategies
of the nine protected areas of Ecuador containing mangrove
forests (Gobierno de la República del Ecuador 1999).

Already before various efforts had been made to stop the
felling of mangrove forests, such as the modification of the
Forestry and Conservation of Natural Areas and Wildlife
Law in 1990, through which it was legislated that:
“mangroves, even those existing in particular properties, are
considered State property and cannot be, they are not suscep-
tible to possession or any other means of appropriation and
may only be exploited by concession.

To establish the regulatory framework for the Sustainable
Use and Custody Agreements for mangrove forests the fol-
lowing executive decrees and ministerial agreements were
emitted.

Executive decrees and ministerial agreements
Executive Decree No. 1102.

Released in 1999, gave ancestral communities the right to
apply for concessions for the sustainable use and custody of
mangrove areas. This Executive Decree was revoked in 2002,
and included as a chapter on mangroves in the Unified Text of
Secondary Environmental Legislation of Ecuador (Coello et al.
2008).

Ministerial Agreement No. 172.
Issued in 2000, this agreement established the instructions for

the granting of agreements of sustainable use and custody of
mangroves, and started the issuing of concessions of mangrove
forests to the ancestral communities and traditional users settled
along the coastal line (Coello et al. 2008).

Ministerial Agreement No. 024.
Through this agreement in 2009, the Sub-Secretary for

Marine and Coastal Management (of the Ministry of Environ-
ment), was given the responsibility to issue and monitor the
Agreements of mangroves use to ancestral communities and
traditional users (Coello et al. 2008).

Ministerial Agreement No. 129.
This agreement issued in 2010, specified and detailed the

instructions for conceding the agreements of sustainable use
and custody of mangroves in favor of ancestral communities
and traditional users (Coello et al. 2008).

Ministerial Agreement No. 144.
This Agreement, issued in 2011 reformed the Ministerial

agreement No. 129. It particularly addresses the minimum con-
tent of the Management Plans of the Mangrove Concessions
(Coello et al. 2008).

Ministerial Agreement No. 198.
This agreement, issued in 2014, specified instructions for a

governmental incentive to ancestral communities and traditional
users for the conservation and sustainable use of mangroves,
named Mangrove Partner (Socio Manglar), which seeks to con-
tribute to the consolidation of mangrove areas to which
concessions have been issued (Coello et al. 2008).

Socio Manglar (Mangrove Partner)
This program provides a direct economic incentive to
organizations that hold agreements for sustainable use
and custody of mangroves. The amount of the incentive
depends on the area of the concession and is aimed at
strengthening local organizations through supporting
the implementation of their mangrove management
plans. The incentive is set up for 10 years, it supports
the development of the following activities:

• Control and Monitoring
• Administrative Management
• Technical Assistance for the implementation, moni-

toring and/or evaluation of management plans.
• Organizational strengthening.
• Financing of productive and social projects, that

benefit partners.

The amount of the economic incentive depends on
the area of the concession and is transferred in two
installments per year. The amount is calculated
according to the following table:

Categoría Rango de Has en Acuerdo Incentivo Fijo Anual

1 100 a 500 has $7.000 USD

2 501 a 1.000 has $10.000 USD

3 Mayor a 1.000 has $15.000 USD

Más un incentivo variable de $3USD/Ha

By 2017, 24 associations with more than 23,000 ha
of mangrove are receiving funds from Socio Manglar.

Outline of Requirements for Sustainable Use
and Custody Agreements
The concession of a certain area of mangroves can be issued
to ancestral communities and traditional users, organized in
legally constituted cooperatives or association registered by
the Sub-Secretary for Marine and Coastal Management, to
whom they have to present a Management Plan. The Minis-
terial Agreement No. 144 (Gobierno de la República del
Ecuador 2011a, b) defines the minimum content of these
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Management Plan. The Plan should contain three programs:
Sustainable Use or Resources, Control and Surveillance and
Monitoring and Evaluation. These programs have to contain
activities and well defined indicators.

The application must be accompanied by a technical
assistance agreement with a university, research institute,
NGO or governmental institution.

The activities permitted in the area of the custody agree-
ment correspond only to sustainable activities and
non-destructive use of the mangrove areas: Catching of fishes
and invertebrates; Aquaculture of fish, invertebrates,
mammals, reptiles or other species of native wildlife through
practices that do not affect the coverage of mangroves or the
dynamics of the water bodies; mangrove reforestation;
eco-tourism and non-destructive mangrove recreation
activities, education and scientific research.

From 2000 to 2015, 66 agreements for sustainable use and
custody of mangroves had been issued to fishermen’s
organizations allocated in 5 coastal provinces: El Oro,
Guayas, Santa Elena, Manabí and Esmeraldas. By 2017,
47 Associations have mangrove concessions with a total of
59.208 ha (Ministerio del Ambiente de Ecuador 20171). (See
Fig. 25.9)

Evaluation of Use and Custody Agreements
In 2008, the Ministry of Environment, CI and IUCN,
performed an evaluation of 27 of the existing sustainable use

and custody agreements of mangrove forest, during which
27 management plans were assessed. This evaluation indicated
that in general terms, the planned activities of the management
plans were implemented successfully. While there were
organizations that achieved 100% compliance with the imple-
mentation of the management plans there were others that have
failed to comply all activities. The most relevant conclusions
of this evaluation were: mangrove agreements are a positive
tool for the conservation of mangroves and have served as a
legal instrument to guarantee ancestral mangrove users exclu-
sive access to these areas, generated social and economic
benefits and improved living conditions; contributed signifi-
cantly to stop the felling of mangrove. On the other hand,
control and monitoring have been the most difficult tasks as
well as the administration of areas. Technical assistance
provided by NGOs, universities, among others was a very
important support (Coello et al. 2008).

25.3.3 Other Legislation for Related
to Mangrove Conservation

Until the end of the 70s, mangroves were considered unpro-
ductive areas by the Ecuadorian government, without
representing economic benefit for the country. As a result,
concessions for using the beach and mangrove forests to

Fig. 25.9 Even though, sustainable use and custody agreements of
mangrove forests were established from 1999, it was from the beginning
of the decade of the 90s that social organizations and NGOs began
promoting the issuance of mangrove areas in favor of ancestral and

traditional users. The last stage of the policy framework for community
mangrove conservation consisting in the Mangrove Partner Incentive
sets the beginning of the consolidation of mangrove concessions
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establish shrimp farms were emitted, due to the production
value generated by this activity, causing the destruction and
felling of large areas of mangrove. From the 1980s onwards,
the recognition of the importance of mangrove forests to
society led to the development of mechanisms for conserva-
tion and protection of mangroves, being included in the
Constitution of Ecuador.

Several laws, executive decrees and ministerial
agreements have incorporated elements related to the protec-
tion and conservation of the mangrove. Among the most
important are:

Constitution of the Republic of Ecuador (2008)
Article 405 states that in the areas of the National System of

Protected Areas (SNAP), the State will promote the “Participa-
tion of communities, peoples and nationalities that have tradi-
tionally inhabited areas protected in their administration and
management”. While article 406, mentions that the State shall
regulate the conservation, management and sustainable use,
recovery, and domain limitations of the fragile and threatened
ecosystems; among which is the mangrove.

National Plan for Good Living (2013)
This plan refers to the mangrove in different sections. It is

commanded to strengthen the conservation and sustainable use of
biodiversity, it will recognize, respect and promote knowledge
and ancestral knowledge, innovations, and sustainable traditional
practices of communities, peoples and nationalities with their full
and effective participation (Gobierno de la República del
Ecuador 2013).

Environmental Organic Code (2017)
Several articles of this Code mention the importance of the

knowledge of the communities of their ancestors and the priority
to conserve fragile ecosystems such as mangroves. Furthermore, it
emphasizes that the conservation of mangroves and other fragile
ecosystems it in the public interest as well as the establishment of

areas of custody and sustainable use of mangrove and the creation
of economic incentives for the conservation of fragile ecosystems
(Government of the Republic of Ecuador. 2017).

Ramsar Convention
The Ramsar Convention is an intergovernmental Treaty

adopted on 2 February 1971, signed in Ramsar, Iran; it serves
as the framework for national action and international coopera-
tion for the conservation and wise use of wetlands and their
resources. Ecuador is one of the 168 Contracting Parties to this
Convention, and entered into force in Ecuador on January
7, 1991. Ecuador currently has 18 sites designated as wetlands
of international importance (Ramsar sites), with an area of
290,815 hectares. Five of these Ramsar Sites have some percent-
age of mangrove cover (Echeverría 2008).

25.4 Case Study: Mangrove Concessions at
Costa Rica Island

25.4.1 Archipelago of Jambelí

The archipelago of Jambelí is located at the southern end of the
Ecuadorian coast, inwaters of the Gulf ofGuayaquil. It belongs
to the canton of Santa Rosa, province of El Oro. It has an
approximate area of 41,706 ha. The archipelago of Jambelí is
comprised of five island communities: Bellavista, Costa Rica,
Las Huacas, Las Casitas and Pongalillo. (See Fig. 25.10)

In the province of ElOro, until 2016, therewere 26mangrove
agreements for sustainable use and custody of the mangroves,
which cover an area of approximately 8328 ha, equivalent to
more than 55% of the extent of mangrove in the province of El
Oro. By 2017, there are 21 agreements with an extension of
11.318 ha (75,45%). From the point of view of conservation, the
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under concessions between 2000
and 2016. The periods between
2000–2002 and 2010–2014
recorded the highest number of
agreements signed with
beneficiaries mainly from El Oro
and Guayas provinces (Ministerio
del Ambiente de Ecuador. 20171)

25 Mangrove Concessions: An Innovative Strategy for Community Mangrove Conservation. . . 569

cfinkl@cerf-jcr.com



area of mangroves protected through these agreements in this
province is very important as theArenillas Ecological Reserve, a
State managed protected area, contains only 1.266 ha of man-
grove forest (7.41% of the total area of the reserve).

The mangroves at the Archipelago of Jambelí are one of
the mangrove ecosystems most impacted by human activity
in Ecuador. The current landscape that can be seen in this
area is a mosaic of shrimp farms, patches of mangrove forest,
networks of canals and estuaries, settlements of small towns
and the scene of traditional activities such as fishing and
collecting of shells and crabs (Bravo 2010). (See Fig. 25.11)

The Island Costa Rica
Costa Rica is the urban capital of the rural Jambelí Parish,
belonging to the Santa Rosa municipality, and the province of
ElOro.CostaRica has an approximate population of 86 families,
with 165 men and 175 women. Its inhabitants collect shells and
crabs, or work in the fishing and tourism sector.

25.4.2 The Management of the Mangrove
Concession

The mangrove concession was granted to the Costa Rica
Artisanal Fishermen Association (In Spanish: Asociación de
Pescadores Artesanales y Afines “Costa Rica”) on August
16, 2000 with an extension of 519 ha (Gobierno Provincial
Autónomo El Oro and Fundación Ecológica Arcoiris 2013).
The agreement of the Association was renewed in July, 2016,
with the same extension. (See Figs. 25.12 and 25.13)

This Association has developed a successful management
model which is based on four key activities (Fig. 25.14):

(a) Sustainable harvesting of back ark

The Costa Rica Association, as part of its management
plan, promotes the sustainable use of the black ark (Anadara
tuberculosa). They respect the minimum size for extraction

Fig. 25.11 The five islands of the archipelago of Jambelí, through their
grassroots organizations made up of fishermen, black ark collectors
(“concheros”) and red crab collectors (“cangrejeros”), have been
awarded mangrove concessions, since the same year that these were

put into effect (2000). The concessions include more than 2.300 ha of
mangrove forest (Gobierno Provincial Autónomo El Oro and Fundación
Ecológica Arcoiris 2013)

570 F. V. L. Rodríguez

cfinkl@cerf-jcr.com



and commercialization, being 4,5 cm as regulated by the
Ministry of Agriculture, cattle raising, aquaculture and
fisheries (Gobierno de la República del Ecuador 2008). The
Costa Rica Association gathers approximately 3000 shells
per day, at an average of 100 shells by each partner of the
association (Total of 30 currently active partners). There are
five main collection sites mentioned below, which are
harvested in a period of 10 days:

• Encenada or Chupador. A day of collection
• Chalet. Two days of collection
• Los Chanchos. Four days of collection
• Diluvio. Four days of collection
• Costa Rica (in front of the town). Two days of collection

During the last two decades, the black ark has begun to
show signs of overexploitation throughout the Ecuadorian
coast. The smaller sizes and fewer catches indicate signs of
stress (Beitl 2010) (Fig. 25.15).

(b) Reforestation

Although there is little area available for reforestation, the
association reforested all spaces without vegetation within
their area, which accounts to 55 ha approximately since the
beginning of the concession.

(c) Custody of the area

The area is patrolled almost every day. The association
organized patrol groups formed by two members of the
association. The treat that limits the continuity of this activity
is the lack of resources for fuel and the piracy danger.

(d) Ecotourism

The Costa Rica Association has a Committee of Ecotour-
ism, which currently is promoting this activity on the island. A
pristine beach, known as San Gregorio, is located very close to

Fig. 25.12 Shrimp pools and concessions of mangrove forest in the
Archipelago of Jambelí. The shrimp industry occupies most of the
mangrove forest territory of this area. According to the Cámara Nacional
de Acuacultura-National Chamber of Aquaculture (2017), El Oro is the
second province dedicated to the production of shrimp, with more than

30,000 ha, i.e. 15% of the 210.000 ha of shrimp farms that currently
exist in Ecuador. This activity was developed even in protected areas
such as the Arenillas Ecological Reserve, where 500 ha of shrimp farms
were identified
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Fig. 25.13 Map of the mangrove concession “Costa Rica”. The agree-
ment expired in 2010 but it was renewed in July 2016 by the
Sub-Secretary of Marine and Coastal Management after updating the

management plan. The area of the Costa Rica Association is close to the
area of the Bellavista Association a very important aspect for the
biological connectivity

Fig. 25.14 The management model of the area mangrove concession
of the Costa Rica Association. The Association of Costa Rica is one of
the first organizations that received a mangrove concession. Originally it
received technical and economic support from the Fundación Ecológica

Arcoiris (Rainbow Foundation) and the UNDP – GEF Small Grants
Program to implement activities such as reforestation, reproduction of
black ark in captivity, ecotourism, among others
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the urban population. Besides the beach, bird watching and
local gastronomy of the island are the main tourism attractions,
receiving more and more visitors day by day.

25.4.3 State of Mangrove Forest Conservation
of the Island Costa Rica

In order to determine the state of conservation of mangrove
forest under the concession, multi-temporal analysis were

implemented in 1991, 2000, 2013 and 2014, which took
into consideration a 1 kilomenter buffer zone.

The main land use coverage’s identified by this study
include: mangrove, deforested areas and shrimp ponds; the
coverage related to sea and sand banks were not analyzed as
they were not considered relevant according to the mangrove
concession system. (See Fig. 25.16)

Mangrove deforestation had a peak during the first year of
the mangrove concession (2000) due to the deforestation
caused mainly by shrimp farms, accounting up to 394.19 ha
which represents a 13% of the analyzed extension; the defor-
estation rate reduced to 176.53 ha (5%) in 2013, but the
following year it raised to 6% 182.19 ha.

The area covered by shrimp pools in the zone increased
from 1991 to 2013, from 176 ha to 467 ha which accounts a
15,4% of the analyzed area. During 2014 a small reduction of
shrimp pools was observed 463 ha (15,2%). See Tables 25.6
and 25.7

The data presented suggests that the main cause of
mangroves forest loss during the last few decades is a result
of deforestation due to the construction of shrimp-culture
pools. Aschenbroich et al. (2015) states that mangroves are
increasingly threatened by aquaculture development espe-
cially shrimp-culture fostering through this practice the frag-
mentation of the ecosystem, and consequently the reduction
of goods and services it offers.

25.5 The Future of Mangrove Concessions
in Ecuador

The economic, social and environmental importance of
the areas under Sustainable use and custody agreements
of mangrove forests is receiving recognition by govern-
mental authorities, which is reflected in the political,
technical and financial support. The Mangrove Partner
program (Socio Manglar) for instance allowed the direct
assignation of economic resources to beneficiaries of
mangrove concessions during 10 years to support the
management of areas, allowing a long term management
model. At the moment, not all concession holders are
participating in the programme, as funding is limited,
hopefully in coming years all communities with
concessions can enter in the programme, so that by hav-
ing financial means for control activities their mangrove
management can be improved.

Another fundamental aspect in mangrove long term con-
servation is put all mangrove forest under the direct involve-
ment of local associations by providing new concessions or
increase the areas of existing concessions, since it represent
to them a legal framework to safeguard their food security
and a source of stable economic income.

Fig. 25.15 Black Ark (Anadara tuberculosa). This species lives in the
mangrove sludge (associated with the roots of Rhizophora mangle),
buried from the root zone up to about 5 cm deep, or on soft bottoms
between 15 and 50 cm deep (IMARPE n.d.). This mangrove resource has
suffered a significant decrease in numbers due to the deterioration of the
mangrove forests and overexploitation. The National Fisheries Institute-
INP (2017) estimates that around 25’000.000 shells are extracted annually
by about 3.000 fishermen, although at present they collect 50% less than
previous years. C-CONDEM estimates that at present each fisherman is
able to collect 100 shells per day unlike previous years when they
collected up to 1000. There is a permanent prohibition to collect shells
up to 4.5 cm, established by law. To reach this size, the shell requires
between 12 and 18 months, period in which it has reproduced at least
once. At this rate of collection it is estimated that in 10 years this species
might disappear since more than 50% of the collected shells do not meet
the minimus size of 4.5 cm (in the province of El Oro is estimated at 59%)
(Instituto Nacional de Pesca 2017). Photo credit: Javier Vásquez
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Even though there are persistent conflicts with shrimp
farmers, there are recent examples of collaboration between
shrimp farmers businesses and community associations, like
joint control and surveillance activities, reforestation of
degraded areas amongst other, which bring up important
success factors for long term conservation of community
mangrove areas. Include mangrove contamination into this
dialogues, and search together for innovative measures to

reduce water pollution is desired to guarantee the conserva-
tion of flora and fauna of the mangrove forests.

On the other hand, some associations or concessionaries
show weaknesses related to the management of their man-
grove areas, for instance, related to a good organizational
structure and competences related to technical aspects, par-
ticularly related to monitoring and evaluation of the area
under concession. Therefore, the agreements that are signed

Fig. 25.16 Land use change in the Costa Rica Island. Images show the beginning of land use change due to mangrove deforestation by shrimp
farms construction between 1991 to 2014
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should be supported by technical cooperation agreements
with a university or non-governmental organization (NGO),
which contributes to overcome these weaknesses. In this
aspect, it is important to mention the support at organizational
level that the Union Network of Organizations of Artisanal
Fishery Production (Red Unión de Organizaciones de
Producción Pesquera Artesanal de El Oro – UOPPAO)
provides to most of concessionaries that are affiliated to this
network.

Income diversification is another important aspect in
which associations are working. It includes activities such
as ecotourism and direct commercialization of red crab
(Ucides occidentalis) and black ark (Anadara similis y
Anadara tuberculosa) pulps, without intermediaries, as well
as give added value to their product like crab pulp.

Recently (2017) conflicts arised between independent
collectors (no legalized) pirates and mangrove
concessionaries, however conflict solving meetings are tak-
ing place to find solutions to these problems.

25.6 Conclusions

In Ecuador, mangroves are protected by different strategies:
national protected areas, mangrove concessions and by envi-
ronmental law all mangroves, being fragile ecosystems are
declared protected forests (by executive decree) although the
latter have not been formally created (they do not contain
management plans for example).

By the mangrove concessions strategy, through providing
land rights, communities are involved in protecting 40% of
the Ecuadorian mangroves against deforestation. Their con-
trol activities have proven to be effective. Therefore the
Mangrove Agreements strategy is considered of great impor-
tance for the future of this ecosystem in Ecuador.

In the province of El Oro, 11,300 ha of mangroves are in
the hands of ancestral communities and traditional users,
which is equivalent to 75% of the mangrove that exists in
this province. In contrast, only 08% of this ecosystem is within
the Arenillas Ecological Reserve, an area that belongs to the
National System of Protected Areas, therefore the Concessions
strategy being of great importance in the El Oro Province.

Multi-temporal analysis of the forest cover in the
mangroves of the Costa Rica Association and other areas
showed that the main changes over time have been mainly
due to the development of the shrimp industry. There is how-
ever evidence of mangrove recovery as an indicator of the
effective functioning of the areas under community custody.

In the El Oro Province, mangrove deforestation has been
reduced almost entirely in the areas covered by concessions,
but contamination from shrimp farming has not been tackled
by the concession strategy. Water pollution affects the flora
and fauna of this ecosystem and alternative strategies should
be implemented to reduce mangrove degradation due to
contamination.

Although traditionally the relationship between shrimp
farmers and mangrove concessionaires in the province of El
Oro has been marked by conflicts, in recent years there has

Table 25.6 Surface in hectares of the different land uses on the Costa Rica Island considering 1 kilometer buffer zone

Land use extensions

1991 2000 2013 2014

Ha % Ha % ha % Ha %

Mangrove 880.07 29.02 798.39 26.33 823.19 27.15 808.84 26.67

Deforested areas 394.19 13.00 242.76 8.00 176.53 5.82 182.19 6.00

Shrimp pools 176.21 5.81 413.82 13.64 467.02 15.40 463.02 15.27

Sea 1025.52 33.82 1208.49 39.85 785.77 25.91 1416.58 46.72

Sand banks 555.85 18.33 368.38 12.15 779.33 25.70 161.21 5.31

TOTAL 3031.86 100 3031.86 100 3031.86 100 3031.86 100

The mangrove coverage in 1991, of approximately 880 ha was reduced to 798,39 ha (26%) by 2000; later during 2013 and 2014 mangrove coverage
changed from 823.19 ha (27%) to 808,84 (26%), respectively

Table 25.7 Analysis of the mangrove cover change rate

Period Surface (ha) Year 1 % Surface(ha) Year 2 % Change Rate

1991–2000 880.07 29.02 798.39 26.33 �1.08

2000–2013 798.39 26.33 823.19 27.15 0.23

2013–2014 823.19 27.15 808.84 26.67 �1.75

The quantitative analysis of the data above, shows the surface occupied by mangrove coverage in periods: 1991–2000, 2000–2013 and 2013–2014.
The deforestation and reforestation values are represented by the negative/positive sign respectively.The data shows a loss of mangroves in the
period 1991–2000, a period in which there was a high increase in deforestation, corresponding to 81,68 has; whereas in the period 2000–2013 there
was an increase in the mangrove coverage. The mangrove coverage increased partly due to reforestation of some areas, carried out by the Rainbow
Foundation (Fundación Arcoiris in Spanish) jointly with community members of Costa Rica Island, which corresponds to 24.8 has. Moreover, in the
last period a loss of mangroves was identified corresponding to 14.34 ha. This information might be related to having insufficient data available in
comparison with earlier periods
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been an improvement in relations between these two groups,
therefor government institutions, communities with man-
grove concessions, shrimp farmers and other supporting
actors like Universities might, through dialogue find
solutions to water pollution.

Although all mangrove concessions have important
biological information, it is necessary to define basic
indicators to design and implement a monitoring program
that ensures scientific evidence for the positive impacts of
mangrove conservation on flora and fauna, and define
whether contamination impacts mangrove biodiversity.

The incentive of the Mangrove Partner Programme, has a
positive impact on the management of the Mangrove
concessions, providing financial means for buying equipment
(boats, motor, etc.), as well as fuel for the control operations
in the Mangrove to prevent invasive fisherman, detect man-
grove deforestation and contamination activities etc. The
Mangrove Partner Programme, also has a positive impact
on the management of the Mangrove as it provides financial
means for organizational strengthening. The mangrove con-
cession of Costa Rica Association, for being a community
protected area without funding from the Mangrove Partner
Programme, has much less funds for its management, causing
that the financial sustainability is one of the main weaknesses
to exercise good management of the area.

The mangrove forests have several resources and
attractions that could be used to develop ecotourism projects.
However technical resources, transportation basic infrastruc-
ture, and improvement of the client service are still needed.
Greater involvement of public and private institutions is
required, to help strengthen social cohesion and promote
community-based tourism, also the community requires
inputs and resources required to strengthen them.

Acknowledgements Irma Jurrius (Deutsche Gesellschaft für
Internationale Zusammenarbeit-GIZ); Gabriela Costa (Universidad
Técnica Particular de Loja)

References

Asamblea Nacional Constituyente (2008) Constitución de la República
del Ecuador

Aschenbroich A, Marchand C, Molnar N, Deborde J, Hubas C,
Rybarczyk H, Meziane T (2015) Spatio-temporal variations in the
composition of organic matter in surface sediments of a mangrove
receiving shrimp farm effluents (New Caledonia). Sci Total Environ
512–513:296–307. https://doi.org/10.1016/j.scitotenv.2014.12.082.
http://www.sciencedirect.com/science/article/pii/
S0048969714017938

Astudillo RF, Pérez J, Proaño F, Coello S (2014) Determinación de
suelos con potencial de reforestación de manglar por debajo de la
línea de influencia de costa escala: 1:50 000. Informe para la
Subsecretaría de Gestión Marina y Costera, Ministerio del
Ambiente. Ecobiotec del Ecuador, Quito, Ecuador, 54 pp + 3 anexos
+ 2 mapas

Beitl C (2010) The role of collective action in the social-ecological
resilience of mangroves and artisanal fisheries on the ecuadorian
coast. Prepared for the Regional Meetings of the International Asso-
ciation for the Study of the Commons, Tempe AZ. September 29 –

October 3, 2010. Panel: Coastal Commons. https://dlc.dlib.indiana.
edu/dlc/bitstream/handle/10535/6556/Beitl.pdf?sequence¼1

Bernabé-Argandona L (2016) Sector Camaronero: Evolución y
proyección a corto plazo. Escuela Superior Politécnica del Litoral.
http://www.revistas.espol.edu.ec/index.php/fenopina/article/view/
100/107

BirdLife International and Conservation International (2005) Áreas
Importantes para la Conservación de las Aves en los Andes
Tropicales: sitios prioritarios para la conservación de la
biodiversidad. Quito, Ecuador: BirdLife International (Serie de
Conservación de BirdLife No. 14)

Bravo M (2010) Interpretación del estudio multitemporal (CLIRSEN
1969–2006) de las coberturas de manglar, camaroneras y áreas
salinas en la franja costera del Ecuador Continental. Tesis de grado
para la obtención de título de magister en ciencias con énfasis en
manejo sustentable de recursos bioacuáticos y medio ambiente,
Universidad de Guayaquil, Facultad de Ciencias Naturales, Ecuador,
p 56

Bravo M (2013) Alianza público-privada para la gestión de los
manglares del Ecuador: Los acuerdos para el uso sustentable y
custodia. Ecuador. USAID Costas y Bosques Sostenibles. http://
pdf.usaid.gov/pdf_docs/PA00JVG6.pdf

Cámara Nacional de Acuacultura (2017) Análisis de las Exportaciones
de Camarón Diciembre – 2016. http://www.cna-ecuador.com/

Castellanos-Galindo GA, Krumme U, Rubio EA, Saint-Paul (2012)
Spatial variability of mangrove fish assemblage composition in the
tropical Eastern Pacific Ocean. Reviews in Fish Biology and
Fisheries. https://link.springer.com/article/10.1007/s11160-012-
9276-4

C-CONDEM (2007) Certificando la Destrucción: Análisis integral de la
certificación orgánica a la acuacultura industrial de camarón en
Ecuador. Corporación Coordinadora Nacional para la Defensa del
Ecosistema Manglar, Quito

Centro de Levantamientos Integrados de Recursos Naturales por
Sensores Remotos -CLIRSEN and the Plan de Manejo de Recursos
Costeros- PMRC (2007) Actualización del estudio multitemporal de
manglares, camaroneras y áreas salinas en la costa continental
ecuatoriana al año 2006. (s.n, ed) Ecuador. http://cpps.dyndns.info/
cpps-docs-web/planaccion/docs2013/manglares/Informe%20Final
%20PMRC-CLIRSEN.PDF

Coello S, Vinueza D, Alemán R (2008) Evaluación del desempeño de
los acuerdos de uso sustentable y custodia de manglar de la zona
costera del Ecuador. Ministerio del Ambiente del Ecuador –

Conservación Internacional – Unión Mundial para la Naturaleza
(UICN) – Comisión Mundial de Áreas Protegidas de UICN –

Programa de apoyo a la gestión descentralizada de los recursos
naturales en las tres provincias del norte del Ecuador
(PRODERENA) – Ecobiotec. Julio de 2008: 52 pp + 4 Figuras +
17 Tablas + 5 Apéndices + 29 mapas

Cornejo (ed) (2014) Plants of the South American Pacific mangrove
swamps (Colombia, Ecuador, Peru). Universidad de Guayaquil

Cornejo X, González G (2015) Contribución al conocimiento de la
fauna entomológica de los manglares: Olla roatanensis Vandenberg
y Cheilomenes sexmaculata Fabricius, dos nuevos registros de Cole-
optera: Coccinellidae para Ecuador y Perú. https://www.
researchgate.net/publication/306106516_Contribucion_al_
conocimiento_de_la_fauna_entomologica_de_los_manglares_Olla_
roatanensis_Vandenberg_y_Cheilomenes_sexmaculata_Fabricius_
dos_nuevos_registros_de_Coleoptera_Coccinellidae_para_
Ecuador_y_P

CPPS/UNESCO/CI/HIVOS (2013) CPPS, Conservación Internacional
& UNESCO. Memorias. Taller Internacional sobre manglares y

576 F. V. L. Rodríguez

cfinkl@cerf-jcr.com

https://doi.org/10.1016/j.scitotenv.2014.12.082
http://www.sciencedirect.com/science/article/pii/S0048969714017938
http://www.sciencedirect.com/science/article/pii/S0048969714017938
https://dlc.dlib.indiana.edu/dlc/bitstream/handle/10535/6556/Beitl.pdf?sequence=1
https://dlc.dlib.indiana.edu/dlc/bitstream/handle/10535/6556/Beitl.pdf?sequence=1
https://dlc.dlib.indiana.edu/dlc/bitstream/handle/10535/6556/Beitl.pdf?sequence=1
http://www.revistas.espol.edu.ec/index.php/fenopina/article/view/100/107
http://www.revistas.espol.edu.ec/index.php/fenopina/article/view/100/107
http://pdf.usaid.gov/pdf_docs/PA00JVG6.pdf
http://pdf.usaid.gov/pdf_docs/PA00JVG6.pdf
http://www.cna-ecuador.com/
https://link.springer.com/article/10.1007/s11160-012-9276-4
https://link.springer.com/article/10.1007/s11160-012-9276-4
http://cpps.dyndns.info/cpps-docs-web/planaccion/docs2013/manglares/Informe%20Final%20PMRC-CLIRSEN.PDF
http://cpps.dyndns.info/cpps-docs-web/planaccion/docs2013/manglares/Informe%20Final%20PMRC-CLIRSEN.PDF
http://cpps.dyndns.info/cpps-docs-web/planaccion/docs2013/manglares/Informe%20Final%20PMRC-CLIRSEN.PDF
https://www.researchgate.net/publication/306106516_Contribucion_al_conocimiento_de_la_fauna_entomologica_de_los_manglares_Olla_roatanensis_Vandenberg_y_Cheilomenes_sexmaculata_Fabricius_dos_nuevos_registros_de_Coleoptera_Coccinellidae_para_Ecuador_y_P
https://www.researchgate.net/publication/306106516_Contribucion_al_conocimiento_de_la_fauna_entomologica_de_los_manglares_Olla_roatanensis_Vandenberg_y_Cheilomenes_sexmaculata_Fabricius_dos_nuevos_registros_de_Coleoptera_Coccinellidae_para_Ecuador_y_P
https://www.researchgate.net/publication/306106516_Contribucion_al_conocimiento_de_la_fauna_entomologica_de_los_manglares_Olla_roatanensis_Vandenberg_y_Cheilomenes_sexmaculata_Fabricius_dos_nuevos_registros_de_Coleoptera_Coccinellidae_para_Ecuador_y_P
https://www.researchgate.net/publication/306106516_Contribucion_al_conocimiento_de_la_fauna_entomologica_de_los_manglares_Olla_roatanensis_Vandenberg_y_Cheilomenes_sexmaculata_Fabricius_dos_nuevos_registros_de_Coleoptera_Coccinellidae_para_Ecuador_y_P
https://www.researchgate.net/publication/306106516_Contribucion_al_conocimiento_de_la_fauna_entomologica_de_los_manglares_Olla_roatanensis_Vandenberg_y_Cheilomenes_sexmaculata_Fabricius_dos_nuevos_registros_de_Coleoptera_Coccinellidae_para_Ecuador_y_P
https://www.researchgate.net/publication/306106516_Contribucion_al_conocimiento_de_la_fauna_entomologica_de_los_manglares_Olla_roatanensis_Vandenberg_y_Cheilomenes_sexmaculata_Fabricius_dos_nuevos_registros_de_Coleoptera_Coccinellidae_para_Ecuador_y_P


Desarrollo Sostenible. 23–26 de julio de 2013. Santa Marta.
Colombia http://cpps.dyndns.info/cpps-docs-web/planaccion/
docs2014/enero/III-EXTRA-AG/referencias/CPPS_SE_AG_III_
REF_01.pdf

CPPS/UNESCO/CI/HIVOS (2015) Plan de acción regional para la
conservación de los manglares en el Pacífico Sudeste. CPPS,
UNESCO, Conservación Internacional e Hivos. Guayaquil. http://
unesdoc.unesco.org/images/0024/002464/246476s.pdf

Echeverría H (2008) La Convención Ramsar en Ecuador. Guía sobre la
conservación y uso racional de los humedales. Centro Ecuatoriano
de Derecho Ambiental, Quito

FAO Food and Agriculture Organization (1994) Directrices para la
ordenación de manglares. Estudio FAO, Montes

FAO Food and Agriculture Organization (2012) Estado de las áreas
marinas y costeras protegidas en América Latina. Elaborado por
Aylem Hernández Avila. REDPARQUES Cuba, Santiago de
Chile, 620 pp. http://www.fao.org/3/a-as176s.pdf

FAO Food and Agriculture Organization (20152) Shrimp –March 2015.
Market Report. http://www.fao.org/in-action/globefish/market-
reports/resource-detail/en/c/338028/. Accessed 4 May 2017

FAO GlobeFish (20151) Analysis and information on world fish trade.
Accessed 4 May 2017 http://www.fao.org/in-action/globefish/mar
ket-reports/resource-detail/en/c/338028/

García M, Parra D, Mena P (2015) El país de la biodiversidad: Ecuador.
Ministerio del Ambiente, Ecofondo & Jardín Botánico del Ecuador

Gillett R (2008) Global study of shrimp fisheries. FAO fisheries techni-
cal paper. No. 475. Rome, FAO, 331p. http://www.fao.org/docrep/
011/i0300e/i0300e00.htm

Gobierno de la República del Ecuador (1999) Decreto Presidencial
No. 1102. 21 de julio de 1999 Registro oficial N�243 del 28 de
julio de 1999

Gobierno de la República del Ecuador (2003) Texto Unificado de
Legislación Ambiental Secundaria. Decreto Ejecutivo 3516

Gobierno de la República del Ecuador (2008) Acuerdo Ministerial
149, RO No 412, del 27 de agosto de 2008. Ministerio de
Agricultura, Ganadería, Acuacultura y Pesca

Gobierno de la República del Ecuador (2011a) Resolución No. 056.
28 de enero de 2011. Ministerio del Ambiente. Registro Oficial
No. 496. 21 de julio de 2011. http://www.derechoecuador.com/
productos/producto/catalogo/registros-oficiales/2011/julio/code/
19983/registro-oficial-no-496---jueves-21-de-julio-de-2011

Gobierno de la República del Ecuador (2011b) Acuerdo Ministerial No
144. 9 de agosto de 2011. Ministerio del Ambiente. http://www.
ambiente.gob.ec/wp-content/uploads/downloads/2014/09/
43b5f146d2ad0fb8c3a3679aa5b26959c57111f2.pdf

Gobierno de la República del Ecuador (2013) Plan Nacional para el
Buen Vivir 2013–2017. Secretaría Nacional de Planificación y
Desarrollo-SENPLADES, Quito

Gobierno Provincial Autónomo El Oro, Fundación Ecológica Arcoiris
(2013) Plan de Desarrollo Estratégico de la Parroquia Jambelí
2010–2025. Gobierno Provincial Autónomo El Oro. El Oro: s.n

Government of the Republic of Ecuador (2008) Presidential Decree No
1391.15 October 15 2008. Official Registry No. 454 october
27 2008. http://www2.congreso.gob.pe/sicr/cendocbib/con2_uibd.
nsf/916E4710EDDF265E0525781D0057B26E/$FILE/4_Decreto_
N%C2%B0_1391.pdf

Government of the Republic of Ecuador (2016) Presidential decree
no. 852 28 January 2016 Official Registry No 694 19 February
2016. https://www.registroficial.gob.ec/index.php/registro-oficial-
web/publicaciones/suplementos/item/7571-suplemento-no-694.html

Government of the Republic of Ecuador (2017) Código Orgánico
Ambiental. Asamblea Nacional. Registro Oficial No 983. Abril
12 de 2017. http://www.asambleanacional.gob.ec/es/multimedios-
legislativos/38792-codigo-organico-del-ambiente

Hamilton SE, Lovette J (2015) Ecuador’s mangrove forest carbon
stocks: a spatiotemporal analysis of living carbon holdings and

their depletion since the advent of commercial aquaculture. PLoS
One 10(3):e0118880. http://journals.plos.org/plosone/article?id¼10.
1371/journal.pone.0118880

Hurtado-Domínguez M, Hurtado-Gualán M, Hurtado-Domínguez L
(2012) Estado de la Contaminación Marina en Ecuador. Comisión
Permanente del Pacífico Sur. Plan de Acción del Pacífico Sudeste.
http://cpps.dyndns.info/cpps-docs-web/planaccion/docs2013/mar/
xix_ag/025.%20INFORME_FINAL_ECU_CONTAMINACI%
C3%93N_MARINA.pdf

IMARPE (n.d.) Concha negra. http://www.imarpe.gob.pe/tumbes/
especies_comerciales/invertebrados/concha_negra.pdf. Accessed
25 July 2017

Instituto Nacional de Pesca (2017) Concha. http://www.institutopesca.
gob.ec/programas-y-servicios/concha/. Accessed 24 July 2017

IUCN, CI Ecuador (2016) National Blue Carbon Policy Assessment.
IUCN, Conservation International Ecuador, Ecuador. 25 pp

Kavanagh K (2014) A world without mangroves? Letters. Science, vol
317. 6 July 2007. https://www.researchgate.net/publication/
6223233_A_World_Without_Mangroves

Latorre S (2014) Resisting environmental dispossession in Ecuador:
whom does the political category of ‘ancestral peoples of the man-
grove ecosystem’ include and aim to empower? J Agrar Chang
14:541–563. https://doi.org/10.1111/joac.12052?. http://
onlinelibrary.wiley.com/doi/10.1111/joac.12052/abstract

MAE (Ministerio del Ambiente del Ecuador) and FAO (Organización de
las Naciones Unidas para la Alimentación y la Agricultura, IT)
(2014) Árboles y Arbustos de los Manglares del Ecuador. Quito,
48 p. http://www.flacsoandes.edu.ec/libros/digital/55818.pdf

MAE. Ministerio del Ambiente (20172) http://www.ambiente.gob.ec/
proyecto-regularizacion-de-camaroneras/. Accessed 23 May 2017

Martinez-Alier J (2001) Ecological conflicts and valuation: mangroves
versus shrimps in the late 1990s. Environ Plann C-Gov Policy
19:713–728

Ministerio del Ambiente and GIZ (2012) Situación actual de los
ecosistemas marinos – costeros y sus posibilidades de conectividad
en el Ecuador. Ministerio del Ambiente del Ecuador / Dirección
Nacional de Biodiversidad, Programa Gestión Sostenible de los
Recursos Naturales (GESOREN)-GIZ. Quito. 243 pp.

Ministerio del Ambiente and Conservación Internacional-Ecuador
(2017) El manglar, un ecosistema altamente productivo. Cinco
servicios clave que nos provee el manglar

Ministerio del Ambiente de Ecuador (20171) Guía de derechos y deberes
de las organizaciones custodios del manglar. Ministerio del Ambiente
de Ecuador, Conservación Internacional Ecuador, Instituto Humanista
para la Cooperación con los Países en Desarrollo, Organizaciones de
las Naciones Unidas para la Alimentación y la Agricultura y Fondo
para el Medio Ambiente Mundial. Guayaquil, Ecuador

Páez-Osuna F (2001) The environmental impact of shrimp aquaculture:
causes, effects and mitigating alternatives. Environ Manag
28:131–140

Polidoro B, Carpenter K, Collins L, Duke N, Ellison A, Ellison J,
Elizabeth Jean Farnsworth E, Fernando E, Kathiresan K, Koedam N,
Livingstone S, Miyagi T, Moore G, Ngoc-Nam V, Eong Ong J,
Primavera J, Salmo S, Sanciangco J, Sukardjo S, Wang Y, Wan
Hong J (2010) The loss of species: mangrove extinction risk and
geographic areas of global concern. PLoS One 5(4):e10095. http://
journals.plos.org/plosone/article?id¼10.1371/journal.pone.0010095

Quizhpe (2008) Áreas de ecosistemas de manglar concesionadas en la
provincia de El Oro–Ecuador. Revista DELOS (Desarrollo Local
Sostenible) vol 1. http://www.eumed.net/rev/delos/02/pqc.pdf costa

Revista Líderes (06 de 07 de 2015) José Camposano: ‘A la industria
camaronera le tomó 13 años recuperarse’. http://www.revistalideres.
ec/lideres/jose-camposano-industria-camaronera-le.html

Spalding M, Kainuma M, Collins L (2010) World atlas of mangroves.
ITTO, ISME, FAO, UNESCO-MAB, UNEP-WCMC and
UNU-INWEH

25 Mangrove Concessions: An Innovative Strategy for Community Mangrove Conservation. . . 577

cfinkl@cerf-jcr.com

http://cpps.dyndns.info/cpps-docs-web/planaccion/docs2014/enero/III-EXTRA-AG/referencias/CPPS_SE_AG_III_REF_01.pdf
http://cpps.dyndns.info/cpps-docs-web/planaccion/docs2014/enero/III-EXTRA-AG/referencias/CPPS_SE_AG_III_REF_01.pdf
http://cpps.dyndns.info/cpps-docs-web/planaccion/docs2014/enero/III-EXTRA-AG/referencias/CPPS_SE_AG_III_REF_01.pdf
http://unesdoc.unesco.org/images/0024/002464/246476s.pdf
http://unesdoc.unesco.org/images/0024/002464/246476s.pdf
http://www.fao.org/3/a-as176s.pdf
http://www.fao.org/in-action/globefish/market-reports/resource-detail/en/c/338028/
http://www.fao.org/in-action/globefish/market-reports/resource-detail/en/c/338028/
http://www.fao.org/in-action/globefish/market-reports/resource-detail/en/c/338028/
http://www.fao.org/in-action/globefish/market-reports/resource-detail/en/c/338028/
http://www.fao.org/docrep/011/i0300e/i0300e00.htm
http://www.fao.org/docrep/011/i0300e/i0300e00.htm
http://www.derechoecuador.com/productos/producto/catalogo/registros-oficiales/2011/julio/code/19983/registro-oficial-no-496---jueves-21-de-julio-de-2011
http://www.derechoecuador.com/productos/producto/catalogo/registros-oficiales/2011/julio/code/19983/registro-oficial-no-496---jueves-21-de-julio-de-2011
http://www.derechoecuador.com/productos/producto/catalogo/registros-oficiales/2011/julio/code/19983/registro-oficial-no-496---jueves-21-de-julio-de-2011
http://www.ambiente.gob.ec/wp-content/uploads/downloads/2014/09/43b5f146d2ad0fb8c3a3679aa5b26959c57111f2.pdf
http://www.ambiente.gob.ec/wp-content/uploads/downloads/2014/09/43b5f146d2ad0fb8c3a3679aa5b26959c57111f2.pdf
http://www.ambiente.gob.ec/wp-content/uploads/downloads/2014/09/43b5f146d2ad0fb8c3a3679aa5b26959c57111f2.pdf
http://www2.congreso.gob.pe/sicr/cendocbib/con2_uibd.nsf/916E4710EDDF265E0525781D0057B26E/&dollar;FILE/4_Decreto_N%C2%B0_1391.pdf
http://www2.congreso.gob.pe/sicr/cendocbib/con2_uibd.nsf/916E4710EDDF265E0525781D0057B26E/&dollar;FILE/4_Decreto_N%C2%B0_1391.pdf
http://www2.congreso.gob.pe/sicr/cendocbib/con2_uibd.nsf/916E4710EDDF265E0525781D0057B26E/&dollar;FILE/4_Decreto_N%C2%B0_1391.pdf
https://www.registroficial.gob.ec/index.php/registro-oficial-web/publicaciones/suplementos/item/7571-suplemento-no-694.html
https://www.registroficial.gob.ec/index.php/registro-oficial-web/publicaciones/suplementos/item/7571-suplemento-no-694.html
http://www.asambleanacional.gob.ec/es/multimedios-legislativos/38792-codigo-organico-del-ambiente
http://www.asambleanacional.gob.ec/es/multimedios-legislativos/38792-codigo-organico-del-ambiente
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0118880
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0118880
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0118880
http://cpps.dyndns.info/cpps-docs-web/planaccion/docs2013/mar/xix_ag/025.%20INFORME_FINAL_ECU_CONTAMINACI%C3%93N_MARINA.pdf
http://cpps.dyndns.info/cpps-docs-web/planaccion/docs2013/mar/xix_ag/025.%20INFORME_FINAL_ECU_CONTAMINACI%C3%93N_MARINA.pdf
http://cpps.dyndns.info/cpps-docs-web/planaccion/docs2013/mar/xix_ag/025.%20INFORME_FINAL_ECU_CONTAMINACI%C3%93N_MARINA.pdf
http://www.imarpe.gob.pe/tumbes/especies_comerciales/invertebrados/concha_negra.pdf
http://www.imarpe.gob.pe/tumbes/especies_comerciales/invertebrados/concha_negra.pdf
http://www.institutopesca.gob.ec/programas-y-servicios/concha/
http://www.institutopesca.gob.ec/programas-y-servicios/concha/
https://www.researchgate.net/publication/6223233_A_World_Without_Mangroves
https://www.researchgate.net/publication/6223233_A_World_Without_Mangroves
https://doi.org/10.1111/joac.12052?
http://onlinelibrary.wiley.com/doi/10.1111/joac.12052/abstract
http://onlinelibrary.wiley.com/doi/10.1111/joac.12052/abstract
http://www.flacsoandes.edu.ec/libros/digital/55818.pdf
http://www.ambiente.gob.ec/proyecto-regularizacion-de-camaroneras/
http://www.ambiente.gob.ec/proyecto-regularizacion-de-camaroneras/
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0010095
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0010095
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0010095
http://www.eumed.net/rev/delos/02/pqc.pdf
http://www.revistalideres.ec/lideres/jose-camposano-industria-camaronera-le.html
http://www.revistalideres.ec/lideres/jose-camposano-industria-camaronera-le.html


Spurrier G (2012) Estudio del impacto de la acuicultura camaronera en
el Ecuador. Guayaquil

Stonich S, Vandergeest P (2001) Violence, environment, and industrial
shrimp farming. In: Peluso NL,Watts M (eds) Violent environments.
Cornell University Press, Ithaca, pp 261–286

Terán, M.C., Clark, K., Suárez, C., Campos, F., Denkinger, J., Ruiz,
D. y Jiménez, P. 2006. Análisis de Vacíos e Identificación de Áreas
Prioritarias para la Conservación de la Biodiversidad Marino-
Costera en el Ecuador Continental. Resumen Ejecutivo. Ministerio
del Ambiente. Quito

UNEP (2014) The importance of mangroves to people: a call to action.
In: van Bochove J, Sullivan E, Nakamura T (eds) United Nations
environment programme world conservation monitoring centre,

128 pp. http://newsroom.unfccc.int/es/el-papel-de-la-naturaleza/la-
onu-alerta-de-la-rapida-destruccion-d-los-manglares/

World Wildlife Fund (2015) Mangrove forests: threats. Accessed
10 June 2017, from WWF Global: http://wwf.panda.org/about_
our_earth/blue_planet/coasts/mangroves/mangrove_threats/

Yáñez–Arancibia A, Lara–Domínguez AL (1999) Los manglares de
América Latina en la encrucijada, p 9–16. In: A. Yáñez–Arancibia
y A. L. Lara–Domínquez (eds) Ecosistemas de Manglar en América
Tropical. Instituto de Ecología A.C/UICN/ORMA/NOAA/NMFS
Silver Spring, México/Costa Rica/MD USA, 380 p. http://www.
observatorioirsb.org/cmsAdmin/uploads/manglares-en-am-rica-
latina_y-ez_lara_(1999).pdf

578 F. V. L. Rodríguez

cfinkl@cerf-jcr.com

View publication statsView publication stats

http://newsroom.unfccc.int/es/el-papel-de-la-naturaleza/la-onu-alerta-de-la-rapida-destruccion-d-los-manglares/
http://newsroom.unfccc.int/es/el-papel-de-la-naturaleza/la-onu-alerta-de-la-rapida-destruccion-d-los-manglares/
http://wwf.panda.org/about_our_earth/blue_planet/coasts/mangroves/mangrove_threats/
http://wwf.panda.org/about_our_earth/blue_planet/coasts/mangroves/mangrove_threats/
http://www.observatorioirsb.org/cmsAdmin/uploads/manglares-en-am-rica-latina_y-ez_lara_(1999).pdf
http://www.observatorioirsb.org/cmsAdmin/uploads/manglares-en-am-rica-latina_y-ez_lara_(1999).pdf
http://www.observatorioirsb.org/cmsAdmin/uploads/manglares-en-am-rica-latina_y-ez_lara_(1999).pdf
https://www.researchgate.net/publication/324665121

	Preface
	Contents
	Part I: Natural Mangrove Systems
	Chapter 1: Australian Mangroves: Their Distribution and Protection
	1.1 Introduction
	1.2 Current Status
	1.3 Previous Work Describing the Distribution of Australian Mangroves
	1.4 Distribution of Australian Mangroves in Terms of Climate Setting, Biodiversity, and Habitat Variability
	1.5 The Need to Conserve Mangroves
	1.6 The Need to Specifically Conserve Australian Mangroves from a Global Perspective
	1.7 The Need to Conserve Mangroves as Species, Communities, and in an Ecosystem Approach
	1.8 Moving from a Set of ad hoc Conservation Reserves to a National Strategy for Australian Mangroves
	1.9 The Existing Conservation Regime and Legislation for Australian Mangroves
	1.10 Discussion and Conclusions
	References

	Chapter 2: The Dynamics of Expanding Mangroves in New Zealand
	2.1 Introduction
	2.2 Mangroves in New Zealand
	2.2.1 Mangrove Distribution
	2.2.2 Geomorphological Setting of New Zealand Mangroves
	2.2.3 Mānawa: The New Zealand Mangrove
	2.2.4 Mangrove Expansion in New Zealand´s Anthropocene

	2.3 Biophysical Dynamics of Expanding Mangroves
	2.3.1 Morphological Change in Expanding Mangroves
	2.3.2 Biophysical Interactions

	2.4 Succession of Expanding Mangrove Systems
	2.5 Carbon Dynamics of Expanding Mangroves
	2.6 Ecosystem (Dis-)services of Expanding Mangroves
	2.7 Mangrove Removal in New Zealand
	2.7.1 Overview of Recent Mangrove Expansion
	2.7.2 Mangrove Removal Policies in New Zealand
	2.7.3 Mangrove Removal Strategies
	2.7.4 Removal `Success´ Rates

	2.8 The Known and Unknown Effects of Mangrove Removal
	2.8.1 Effects of Mangrove Clearance on Estuarine Morphodynamics
	2.8.2 Effects of Mangrove Clearance on Sediment Composition
	2.8.3 Effects of Mangrove Clearance on Carbon Dynamics
	2.8.4 Effects of Mangrove Clearance on Other Ecosystem Services

	2.9 Synthesis: Expanding Mangroves and the Future
	References

	Chapter 3: Mangrove Forests of the Persian Gulf and the Gulf of Oman
	3.1 Introduction
	3.1.1 Application of Remote Sensing for Mangrove Forests
	3.1.1.1 Remote Sensing Methods in Mangrove Forest Detection
	The Perpendicular Vegetation Index (PVI)
	Soil-Adjusted Vegetation Index (SAVI)
	The Normalized Difference Water Index
	Mangrove Plant Reflectance and Normalized Difference Vegetation Index (NDVI)



	3.2 Discussion
	3.2.1 Study Area
	3.2.2 Mangrove Forest Distributions
	3.2.2.1 Iran
	3.2.2.2 Pakistan
	3.2.2.3 Oman
	3.2.2.4 United Arab Emirate
	3.2.2.5 Qatar
	3.2.2.6 Bahrain
	3.2.2.7 Saudi Arabia

	3.2.3 Mangrove Forest Threats in Study Area
	3.2.4 Mangrove Forest Change Detection in the Persian Gulf and the Gulf of Oman (1977-2017)
	3.2.4.1 Methodology
	3.2.4.2 Mangrove Forest Changes in Study Area (1977-2017)
	Mangrove Forest in 1977
	Mangrove Forest in 1989
	Mangrove Forest in 2000
	Mangrove Forest in 2017


	3.2.5 Mangrove Forest Management and Conservation Programs in the Persian Gulf and the Gulf of Oman Countries
	3.2.5.1 Iran
	3.2.5.2 Oman
	3.2.5.3 United Arab Emirates
	3.2.5.4 Qatar
	3.2.5.5 Bahrain
	3.2.5.6 Saudi Arabia


	3.3 Conclusion
	References

	Chapter 4: Current Status of Mangrove Wetlands in Sinaloa: A Biological Corridor Along the Eastern Margin of the Gulf of Calif...
	4.1 Introduction
	4.1.1 Mangroves in Mexico
	4.1.2 Current Situation of Mangroves Corridor in the State of Sinaloa

	4.2 Hazards and Vulnerability
	4.2.1 Bioaccumulation of Contaminants
	4.2.2 Land Cover Change
	4.2.3 Aquaculture
	4.2.4 Hydrological Changes
	4.2.5 Low Temperatures
	4.2.6 Increasing Temperature
	4.2.7 Hurricanes

	4.3 Discussion
	4.4 Conclusions
	References

	Chapter 5: Geospatial Assessment of Spatio-Temporal Changes in Mangrove Vegetation of Pichavaram Region, Tamil Nadu, India
	5.1 Introduction
	5.2 The Mangroves
	5.2.1 Importance
	5.2.2 Status of Global Mangroves
	5.2.3 Status of Indian Mangroves

	5.3 Remote Sensing Study of Mangroves
	5.4 Study Area
	5.4.1 Objective
	5.4.2 Gaps Addressed in the Present Study
	5.4.3 Materials and Methods
	5.4.4 Results and Discussion

	5.5 Conclusions
	References


	Part II: Threats, Vulnerability, and Impacts
	Chapter 6: Natural Threats and Impacts to Mangroves Within the Coastal Fringing Forests of India
	6.1 Introduction
	6.2 Materials and Methods of the Study
	6.2.1 Radiometric Correction
	6.2.2 Identification of Mangrove Health
	6.2.3 Identification of Mangrove Vegetation Density

	6.3 Physiographic Settings of Indian Mangroves
	6.4 Mangrove Belts of the East Coast of India
	6.5 Mangrove Belts of the West Coast of India
	6.6 Types of Natural Threats on the Coastal Fringing Forest Dominated by Mangroves in India
	6.6.1 Marine Forcing Factors (Sea Level Rise Related Effects)
	6.6.2 Neotectonics at the Coast (Subsidence and Emergence)
	6.6.3 Hydrological Stress from the Drainage Catchment Areas
	6.6.4 Coastal Morphodynamics Under Sediment Starvation
	6.6.5 Hypersalinity in the Inner Parts of the Mangrove Swamps (a Greatest Threat to the Fringe Forests of the Coastal Belt)
	6.6.6 Eutrophication as Driver of Coastal Wetland Loss
	6.6.7 Shifting Riverbanks in the Deltaic Areas
	6.6.8 Storm Catastrophe
	6.6.9 Encroachment of Overwashed Sand Fan Lobes into the Mangrove Swamp
	6.6.10 Erosion at the Sea Face and Active Shoreline Retreat
	6.6.11 Barrier Rollover Process
	6.6.12 Shortages of Rainfall in the Tropical Hot and Humid Coast
	6.6.13 Shortages of Freshwater Discharge into the Coastal Zones by River System
	6.6.14 Degradation of Mangroves Due to the Effects of Pests and Insects Infestation

	6.7 Mangrove Vulnerabilities in India
	6.8 Conclusions
	References

	Chapter 7: An Assessment of Vulnerability and Adaptation of Coastal Mangroves of West Africa in the Face of Climate Change
	7.1 Introduction
	7.2 West African Mangroves
	7.3 Direct and Indirect Contribution of Mangroves to West African Countries
	7.4 Threats to West African Mangroves
	7.5 Vulnerability and Impact of Climate Change on West African Mangroves
	7.5.1 Sea-Level Rise
	7.5.2 Increased Temperatures
	7.5.3 Storm
	7.5.4 Precipitation

	7.6 Management and Adaptation Policies for West Africa
	7.7 Conclusion
	References

	Chapter 8: Historical Losses of Mangrove Systems in South America from Human-Induced and Natural Impacts
	8.1 Introduction
	8.1.1 Ecological Value of Mangroves
	8.1.2 South American Mangrove Systems

	8.2 Historical Drivers of Loss
	8.2.1 Natural Factors
	8.2.2 Human-Induced Factors
	8.2.3 Resource Exploitation
	8.2.4 Conversion and Development
	8.2.5 Human Modification of the Abiotic Environment
	8.2.6 Management Failure

	8.3 Current and Future Threats
	8.3.1 Sea-Level Rise
	8.3.2 Global Warming
	8.3.3 Extreme Weather Phenomenon
	8.3.4 Continued Exploitation
	8.3.5 Other Factors

	8.4 Managing Forests for the Future
	8.4.1 Building Resilience and Resistance

	8.5 Conclusions
	References

	Chapter 9: Australian Mangroves: Anthropogenic Impacts by Industry, Agriculture, Ports, and Urbanisation
	9.1 Introduction
	9.2 Distribution and Diversity of Australian Mangroves and Their Habitats
	9.3 Sedimentological, Stratigraphic, Geochemical, Hydrological, Hydrochemical, and Biological Functioning of Mangrove Ecosyste...
	9.4 Human Settlements: Urbanisation-Driven Versus Industry-Driven
	9.5 Intensity/Severity of Impacts on Mangroves, and Spatial Scales of Impacts on Mangroves
	9.6 Assessment of Significance
	9.7 The Types of Impacts on Mangroves Worldwide and in Australia
	9.8 A Tour of Anthropogenic Impacts on Mangroves Around Australia
	9.9 A Specific Case Study: The Port Hedland Model
	9.10 Discussion and Conclusions
	References

	Chapter 10: Determining the Influence of Urbanization on Mangrove Zones of Northeastern Brazil: Characterization of Cear State...
	10.1 Introduction
	10.2 Study Sites
	10.3 Description of the Studied Basins
	10.3.1 The Cocó River
	10.3.2 The Pacoti River
	10.3.3 The Ceara River
	10.3.4 The Jaguaribe River
	10.3.5 Particularity of Mangroves

	10.4 Strategy and Comparison of the Cocó and Pacoti Rivers
	10.4.1 Analyzes
	10.4.2 Results
	10.4.2.1 Dissolved and Particulate Organic Carbon
	10.4.2.2 Fluorescence Spectroscopy
	The 2D Fluorescence
	3D Fluorescence


	10.4.3 Major Elements
	10.4.3.1 The Cations
	10.4.3.2 The Anions
	10.4.3.3 Fluorescence Quenching


	10.5 Sampling Strategy on the Jaguaribe River
	10.5.1 Spatial Sampling
	10.5.2 Sampling During a Tide
	10.5.3 Results of the Spacial Distribution Study
	10.5.3.1 Dissolved Organic Carbon
	10.5.3.2 Fluorescence Spectroscopy

	10.5.4 Results of the Temporal Study
	10.5.4.1 Organic Carbon, pH and Salinity
	10.5.4.2 Fluorescence Spectroscopy

	10.5.5 Variation of the Major Elements
	10.5.5.1 Space Strategy
	10.5.5.2 Time Strategy


	10.6 Conclusion
	References

	Chapter 11: Vulnerability of Mangrove Forests and Wetland Ecosystems in the Sundarbans Natural World Heritage Site (Bangladesh)
	11.1 Introduction
	11.2 The Aims and Objectives of the Study
	11.3 Data and Methodology
	11.4 Geographical Location and Physical Characteristics of the Coastal Mangroves in Sundarbans Region
	11.5 Sundarbans Natural World Heritage Site
	11.6 Vulnerability and Degradation of Coastal Mangrove Ecosystems in the Sundarbans Region
	11.6.1 Vulnerability of Mangrove Ecosystem and Biodiversity
	11.6.2 Degradation of Mangrove Ecosystem and Biodiversity

	11.7 Sundarbans Mangrove Forests and Wetland Management Strategies
	11.7.1 River Water and Sediment Flow Characteristics Influencing the Coastal Mangrove Forest and Wetland Ecosystems
	11.7.2 Present Threats for the Coastal Mangrove Forest and Wetland Ecosystems
	11.7.3 Sea Level Rise and Its Impacts on Coastal Region
	11.7.4 Changes of Mangrove Biodiversity in the Bengal Coastal Region
	11.7.5 Threatened Coastal Deltaic Forests, Forestry and Agricultural Crop Production

	11.8 Approach for Coastal Mangrove Ecosystems Management and Sustainability
	11.9 Conclusions and Recommendations
	References


	Part III: Pollution and Contamination by Hydrocarbons and Heavy Metals
	Chapter 12: The Impact of Oil and Gas Exploration: Invasive Nypa Palm Species and Urbanization on Mangroves in the Niger River...
	12.1 Introduction
	12.2 Description of the Niger Delta Geology
	12.3 Oil and Gas Exploration
	12.3.1 Pre-exploratory
	12.3.2 Exploration Stage
	12.3.3 Post-Exploratory Stage
	12.3.4 Impact of Oil Pollution on Vegetation and Fisheries

	12.4 Invasive Nypa Palms (Nypa fruticans)
	12.5 Urbanization
	12.6 Interaction Effect
	12.7 Concluding Remarks and Conservation Measures
	References

	Chapter 13: Oil-Related Mangrove Loss East of Bonny River, Nigeria
	13.1 Introduction
	13.1.1 Regional Overview
	13.1.2 Mangroves and Associated Organisms
	13.1.3 Oil-Related Infrastructure
	13.1.4 Persistence of Bonny Light Crude Oil

	13.2 Methods
	13.2.1 Digital Imagery
	13.2.2 Aerial Video and Photographic Surveys
	13.2.3 Ground Surveys
	13.2.4 Oil Spills
	13.2.5 Habitat Classification

	13.3 Results
	13.3.1 Spill Incidents
	13.3.2 Oil Theft and Illegal Refining
	13.3.3 Presence of Spilled Oil
	13.3.4 Overview of Total Mangrove Loss
	13.3.5 Bonny Island Mangrove Loss
	13.3.6 Opobo Channel Mangrove Loss
	13.3.7 Bonny River Mangrove Losses
	13.3.8 Bodo West Mangrove Losses
	13.3.9 Bodo East Area Mangrove Loss
	13.3.10 Bolo Area Mangrove Loss
	13.3.11 Mangrove Loss Summary for All Areas

	13.4 Discussion
	13.4.1 Mangrove Losses and Recovery at Other Sites
	13.4.2 Enhancing Recovery

	13.5 Conclusions
	References

	Chapter 14: Sediment Hydrocarbons in Former Mangrove Areas, Southern Ogoniland, Eastern Niger Delta, Nigeria
	14.1 Introduction
	14.1.1 Background
	14.1.2 Natural Environment Baseline

	14.2 Methodology
	14.2.1 Shoreline Cleanup Assessment Technique (SCAT)
	14.2.2 Chemistry Sampling and Analyses

	14.3 Results
	14.3.1 Summary of SCAT Survey Results
	14.3.2 Chemistry Results
	14.3.2.1 Surface Samples
	14.3.2.2 Surface and Subsurface Samples Compared
	14.3.2.3 Further Data Evaluation
	14.3.2.4 TPH, Aliphatic and Aromatic Hydrocarbons Statistical Results
	14.3.2.5 Light Aromatics Fraction Statistical Result
	14.3.2.6 PAHs Results and Sources
	14.3.2.7 Additional Contaminant Source Indicators


	14.4 Discussion
	14.5 Conclusions
	14.6 Recommendations
	References

	Chapter 15: Heavy Metal Distribution and Accumulation from Natural and Anthropogenic Sources in Tropical Mangroves of India and Bangla...
	15.1 Introduction
	15.2 Different Mangrove Ecosystem of India and Bangladesh
	15.3 Trace Metal Distribution in Surface Sediment in Different Mangrove of India and Bangladesh-
	15.3.1 Depth Profile of Trace Metal in Different Mangrove Ecosystem
	15.3.2 Speciation of Trace Metal in Different Mangrove Ecosystem
	15.3.3 Processes Governing Trace Metal Pollution

	15.4 Trace Metals in Different Biota of Mangrove Forest
	15.5 Management of Mangroves
	15.5.1 Legislative Framework
	15.5.2 Mangrove Management and Conservation in Different Mangroves of India

	15.6 Summary
	References


	Part IV: Assessment Techniques, Ecosystem Design, and Management Strategies
	Chapter 16: Ecosystem Design: When Mangrove Ecology Meets Human Needs
	16.1 Introduction
	16.1.1 Mangrove Restoration
	16.1.2 Novel Ecosystems

	16.2 Service-Providing Units as Target of Ecosystem-Manipulation
	16.2.1 The Rationale
	16.2.2 Plants
	16.2.3 Animals
	16.2.4 Microbes
	16.2.5 So What?

	16.3 Ecosystem Design
	16.3.1 The Concept
	16.3.2 Toolbox for Ecosystem Design

	16.4 Outlook
	References

	Chapter 17: Towards Sustainability and Protection of Threatened Coastal Ecosystems: Management Strategies for a Rare Stone Man...
	17.1 Introduction
	17.2 Mangroves on State of Rio de Janeiro and Brazilian Coastline
	17.3 Mangue de Pedra: General Description
	17.3.1 Physiography and Climate
	17.3.2 Local Geological Aspects
	17.3.3 Hydrogeology
	17.3.4 Natural, Landscape and Environmental Aspects
	17.3.5 Importance of Sociocultural and Historical Attributes

	17.4 Institutional Governance and Management Aspects: Legislation and Environmental Management
	17.4.1 Economic and Ecological Zoning and Coastal Areas´ Management

	17.5 Aspects Dealing with Territorial Integrated Management
	17.6 Proposals for Land Use: Fate of the Subject Area
	17.6.1 `Municipal Natural Monument´ Proposal (Secretary of Environment and Fisheries: 2012)
	17.6.2 Geopark Project `Costões e Lagunas do RJ´
	17.6.3 Project of the Gorda Beach State Park (NGO)
	17.6.4 Inclusion in Costa do Sol State Park (PECS)

	17.7 Public and Shared Management
	17.8 Management Strategies and Actions for the Preservation of the Study Area
	17.8.1 Possible Scenarios for the Study Area
	17.8.2 Popularization of Knowledge; Environmental Awareness/Education

	17.9 Concluding Remarks
	References

	Chapter 18: Assessment and Management Strategies of Mangrove Forests Alongside the Mangsalut River Basin (Brunei Darussalam, o...
	18.1 Introduction
	18.2 Aim and Objectives of the Study
	18.3 Data and Methodology
	18.4 Geographical Location and Physical Characteristics
	18.5 Results and Analysis
	18.5.1 Reasons for the Disappearance of Mangrove Along Sungai Mangsalut (Mangsalut River)
	18.5.2 Mangrove Forest Wetlands Ecosystem Degradation in Brunei Muara District

	18.6 Discussion and Approach for Mangrove Forest Wetland Sustainability
	18.7 Conclusions and Recommendations
	18.7.1 Some Important Recommendations

	References

	Chapter 19: Mangrove Establishment in an Artificially Constructed Estuarine Channel, Sungei Api-Api, Singapore
	19.1 Introduction
	19.2 Study Area
	19.3 Methodologies
	19.4 Environmental Conditions and Mangrove Establishment
	19.4.1 Channel Changes
	19.4.2 Tidal Limits
	19.4.3 Slope Gradients
	19.4.4 Sediments
	19.4.5 Salinity Levels
	19.4.6 Current Velocities

	19.5 Discussion and Conclusion
	References

	Chapter 20: Interaction of Mangroves, Coastal Hydrodynamics, and Morphodynamics Along the Coastal Fringes of the Guianas
	20.1 Introduction
	20.1.1 The Guianas Coast
	20.1.2 Mangroves Along the Guianas Coast
	20.1.2.1 Species
	20.1.2.2 Mangrove Degradation


	20.2 Morphodynamics of the Guianas Coast
	20.2.1 Mud Bank Migration
	20.2.2 Coastal Erosion Analysis

	20.3 Mangroves as Sustainable Coastal Defence
	20.3.1 The Physical Functioning
	20.3.1.1 Interaction Between Mangroves and Hydrodynamics
	20.3.1.2 Interaction Between Mangroves and Sediment
	20.3.1.3 Interaction Between Hydrodynamics and Sediment


	20.4 Ecological Engineering: Mangrove Restoration
	20.4.1 General Principles
	20.4.2 Guyana Mangrove Restoration Project
	20.4.2.1 Mangrove Restoration Interventions Implemented Under GMRP
	Mangrove Seedling Planting
	Coastal Engineering Interventions
	Spartina Grass Planting
	Challenges


	20.4.3 Mangrove Rehabilitation in Suriname
	20.4.3.1 Experimental Pilot Project in Moy (Coronie District, Suriname)
	20.4.3.2 Sediment Trapping Unit Pilot Project in Suriname


	20.5 Research
	20.5.1 Research in French Guiana
	20.5.1.1 Field Work
	20.5.1.2 Remote Sensing
	Mud Bank Migration and SPM Dynamics in Coastal Waters
	Decadal-Scale Mud Bank Dynamics and Mangroves


	20.5.2 Coastal Engineering Research in Suriname
	20.5.3 Research in Guyana
	20.5.4 Morphodynamic Modelling of the Guianas Coast
	20.5.4.1 French Guiana Coast Model
	20.5.4.2 Mahury Estuary (French Guiana) Model
	20.5.4.3 Suriname Coast Model
	20.5.4.4 Guyana Coast Model


	20.6 Conclusions and Perspectives
	References

	Chapter 21: The Beneficial Effects of Mangrove Forest to Sea Defence Structures
	21.1 Sea Defence Structures
	21.2 Types of Loads
	21.2.1 Water Level Due to the Tide
	21.2.2 Storm Surges
	21.2.3 River Discharges
	21.2.4 Tsunamis
	21.2.5 Wave Action
	21.2.5.1 Overall Method
	21.2.5.2 Simple Design Graphs
	21.2.5.3 Energy Dissipation Method
	21.2.5.4 Practical Formulas
	Canopy
	Trunk
	Prop Roots



	21.3 Design of a Sea Dike
	21.3.1 Design Basics
	21.3.2 Overtopping and Crest Height
	21.3.3 Revetment
	21.3.4 Benefit of Mangroves
	21.3.5 Ecosystem Services
	21.3.6 Drawbacks
	21.3.7 Computational Example
	21.3.7.1 Water Levels
	21.3.7.2 Required Dike Height Without Mangroves
	21.3.7.3 Need of a Revetment
	21.3.7.4 Effect of Mangroves
	21.3.7.5 Cost Benefit


	21.4 Some Other Aspects
	21.4.1 Siltation in the Mangrove Area
	21.4.2 Changes in The Wave Spectrum
	21.4.3 Some Wave Height Aspects

	21.5 Discussion
	21.6 Conclusions
	References

	Chapter 22: Remote Sensing of Mangrove Forests: Current Techniques and Existing Databases
	22.1 Introduction
	22.2 Global Remotely Sensed Mangrove Databases
	22.2.1 Mangrove Forests of the World (MFW)
	22.2.2 Continuous Global Mangrove Forest Cover for the 21st Century (CGMFC-21)
	22.2.3 World Atlas of Mangroves (WAM)

	22.3 Western Hemisphere
	22.3.1 Brazilian Post-2000 Remote Sensing of Mangrove Studies
	22.3.2 Venezuelan Post-2000 Remote Sensing of Mangrove Studies
	22.3.3 Colombian Post-2000 Remote Sensing of Mangrove Studies
	22.3.4 Panamanian Post-2000 Remote Sensing of Mangrove Studies
	22.3.5 Ecuadorian Post-2000 Remote Sensing of Mangrove Studies
	22.3.6 Cuban Post-2000 Remote Sensing of Mangrove Studies
	22.3.7 USA Post-2000 Remote Sensing of Mangrove Studies
	22.3.8 Mexican Post-2000 Remote Sensing of Mangrove Studies
	22.3.9 Other Western Hemisphere Post-2000 Remote Sensing of Mangrove Studies

	22.4 Oceania
	22.4.1 Australia Post-2000 Remote Sensing of Mangrove Studies
	22.4.2 Papua New Guinea Post-2000 Remote Sensing of Mangrove Studies
	22.4.3 Other Oceanic Post-2000 Remote Sensing of Mangrove Studies

	22.5 Results
	22.5.1 Global, Post-2000 Remotely Sensed Mangrove Area Estimates
	22.5.2 Brazilian, Post-2000 Remotely Sensed Mangrove Area
	22.5.3 Venezuelan, Post-2000 Remotely Sensed Mangrove Area
	22.5.4 Colombian, Post-2000 Remotely Sensed Mangrove Area
	22.5.5 Panamanian, Post-2000 Remotely Sensed Mangrove Area
	22.5.6 Ecuadorian, Post-2000 Remotely Sensed Mangrove Area
	22.5.7 Cuban, Post-2000 Remotely Sensed Mangrove Area
	22.5.8 USA, Post-2000 Remotely Sensed Mangrove Area
	22.5.9 Mexican, Post-2000 Remotely Sensed Mangrove Area
	22.5.10 Other Western Hemisphere, Post-2000 Remotely Sensed Mangrove Area
	22.5.11 Australian Post-2000 Remote Sensing of Mangrove Studies
	22.5.12 Papua New Guinean Post-2000 Remote Sensing of Mangrove Studies
	22.5.13 Other Oceanic Post-2000 Remote Sensing of Mangrove Studies

	22.6 Remote Sensing Methods and Instruments for Mangrove Mapping and Monitoring
	22.6.1 Photography Data and Methods
	22.6.2 High and Medium Resolution Satellite-Based Optical Imagery (MandHR)
	22.6.3 Very High-Resolution Satellite-Based Optical Imagery (VHR)
	22.6.4 Hyperspectral Sensors (HS)
	22.6.5 Active Sensors
	22.6.6 Remote Sensing Summary

	22.7 Discussion
	References

	Chapter 23: Urban Mangrove Biology and Ecology: Emergent Patterns and Management Implications
	23.1 Introduction
	23.1.1 Deforestation and Fragmentation
	23.1.2 Sewage Effluent
	23.1.3 Contamination and Toxicity
	23.1.4 Community Assemblages

	23.2 Urban Mangrove Hazards, Vulnerabilities, and Management
	23.3 Future Research
	References

	Chapter 24: High-Throughput Techniques As Support for Knowledge-Based Spatial Conservation Prioritization in Mangrove Ecosyste...
	24.1 Introduction
	24.1.1 The Biodiversity-Procession: From Biodiversity to Ecosystem Services
	24.1.2 The Biodiversity-Procession in Mangrove Ecosystems
	24.1.2.1 Who Is There?
	24.1.2.2 Under Which Conditions?
	24.1.2.3 Mangroves Ecosystems Services
	24.1.2.4 Unravelling the Biodiversity-Procession in Mangroves


	24.2 Spatial Conservation Prioritization for Sustainable Use and Provision of Ecosystems Services
	24.2.1 Rationale of Spatial Conservation Prioritization
	24.2.2 Information Needed to Support Spatial Conservation Prioritization
	24.2.3 Reaching Consensus and Acceptance Using Spatial Conservation Prioritization

	24.3 High-Throughput Techniques for Mangrove Conservation
	24.3.1 Environmental DNA Metabarcoding to Assess Biodiversity
	24.3.2 Environmental Metabolomics to Assess Ecosystem Processes

	24.4 C-Sequestration and Organic Matter (OM) Turnover as Showcase
	24.4.1 The Role of Mangrove Ecosystems
	24.4.2 What Are the Main Drivers of Carbon-Storage in Mangrove Ecosystems?
	24.4.3 Proposed Approach

	24.5 Outlook
	Appendix I: The Biodiversity Procession
	Appendix II: Glossary
	Appendix III: Traffic Light for Conservation-Planning

	References


	Part V: Conservation, Rehabilitation, and Governance
	Chapter 25: Mangrove Concessions: An Innovative Strategy for Community Mangrove Conservation in Ecuador
	25.1 Introduction
	25.2 Mangrove Forests in Ecuador
	25.2.1 Distribution and Coverage of Mangrove Forests
	25.2.2 Flora of Mangrove Forests
	25.2.3 Fauna of Mangrove Forests
	25.2.4 Threats to Mangrove Forest in Ecuador
	25.2.5 Shrimp Farming in Ecuador
	25.2.6 Environmental and Socio-economic Impacts of Shrimp Farming in Ecuador

	25.3 Mangrove Forest Conservation Efforts in Ecuador
	25.3.1 Protected Areas
	25.3.2 The Mangrove Sustainable Use and Custody Agreements (Mangrove Forest Concessions)
	25.3.3 Other Legislation for Related to Mangrove Conservation

	25.4 Case Study: Mangrove Concessions at Costa Rica Island
	25.4.1 Archipelago of Jambelí
	25.4.2 The Management of the Mangrove Concession
	25.4.3 State of Mangrove Forest Conservation of the Island Costa Rica

	25.5 The Future of Mangrove Concessions in Ecuador
	25.6 Conclusions
	References

	Chapter 26: Conserving Mangroves for Their Blue Carbon: Insights and Prospects for Community-Based Mangrove Management in Sout...
	26.1 Introduction
	26.2 Mangrove Value
	26.3 Mangroves of Southeast Asia
	26.4 Community-Based Mangrove Management
	26.5 Carbon Stock of Community-Managed Mangroves
	26.6 Prospects and Challenges of Community-Based Blue Carbon Project
	26.6.1 Payments for Mangrove Ecosystem Services
	26.6.2 Improving Mangrove Governance

	26.7 Summary and Recommendations
	References

	Chapter 27: Mangrove Habitats in São Tomé and Príncipe (Gulf of Guinea, Africa): Conservation and Management Status
	27.1 Introduction
	27.1.1 Geographical Features

	27.2 Biological Characteristics
	27.2.1 Flora
	27.2.1.1 Species Composition
	27.2.1.2 Reproductive Anual Cycle

	27.2.2 Fauna
	27.2.2.1 Marine Invertebrates
	27.2.2.2 Fishes
	27.2.2.3 Birds

	27.2.3 Mangrove Habitat Distribution
	27.2.3.1 São Tomé
	27.2.3.2 Malanza
	27.2.3.3 Praia das Conchas

	27.2.4 Príncipe
	27.2.4.1 Praia Grande
	27.2.4.2 Praia Salgada
	27.2.4.3 Praia Caixão


	27.3 Uses
	27.3.1 Tradicional Use

	27.4 Threats
	27.4.1 Deforestation
	27.4.2 Habitat Transformation
	27.4.3 Global Change, Sea-Level Rise and Coastal Erosion

	27.5 Conservation and Sustainable Management Issues
	References

	Chapter 28: The Success of Hydrological Rehabilitation in Mangrove Wetlands Using Box Culverts Across Coastal Roads in Norther...
	28.1 Introduction
	28.2 Materials and Methods
	28.2.1 Study Area
	28.2.2 Data Analysis

	28.3 Results and Discussion
	28.3.1 Physicochemical Variables (Water and Sediments)

	28.4 Mangrove Forest Characteristics
	References

	Chapter 29: Mangroves on the Brazilian Amazon Coast: Uses and Rehabilitation
	29.1 Introduction
	29.1.1 Site Selection and Procedures
	29.1.2 Environmental Perception of Estuarine-Coastal Extractivists
	29.1.3 Appropriation and Use of Mangroves Resources

	29.2 Rationale for Rehabilitation of Mangrove Forests on the Ajuruteua Peninsula
	29.2.1 General Description of Replanted Mangrove Areas
	29.2.2 Site Preparation and Planting Techniques
	29.2.3 Environmental, Social, and Economic Impacts of Mangrove Rehabilitation

	29.3 Final Considerations
	References

	Chapter 30: Mangrove Restoration and Mitigation After Oil Spills and Development Projects in East Africa and the Middle East
	30.1 Introduction
	30.1.1 Coastal and Biological Resources in East Africa
	30.1.2 Offshore and Onshore Industry

	30.2 Cooperation in OSR in East Africa
	30.2.1 International Stakeholders
	30.2.2 Civil Society and Non-governmental Organizations
	30.2.3 WIO Islands Oil Spill Contingency Planning (1999-2004)
	30.2.4 WIO Marine Highway Project (2008-2012)
	30.2.4.1 Aims and Achievements
	30.2.4.2 Lessons from the WIOMH Project
	Awareness and Ownership
	Engagement Across Ministries
	Sustainability
	Regional Cooperation


	30.2.5 United States AFRICOM Oil Spill Missions
	30.2.6 Norwegian Oil for Development Program
	30.2.7 Other Programs

	30.3 Regional Development in East Africa
	30.3.1 History
	30.3.2 East African Community (EAC)
	30.3.3 OSR Implications
	30.3.4 Fisheries

	30.4 Oil Spill Response (OSR) in East Africa
	30.4.1 Options and Constraints
	30.4.2 Response Support Tools
	30.4.3 Receptor Sensitivity and `Trade-Offs´

	30.5 Environmental Sensitivity and Conservation
	30.5.1 Conservation Priorities and Perceptions in East Africa
	30.5.2 Ecologically Sensitive Areas
	30.5.2.1 WIO Ecologically or Biologically Significant Marine Areas
	Introduction to EBSAs
	EBSA Sites with Mangroves As a Key Feature (Numbers Refer to Table 30.3)

	30.5.2.2 Endemic Bird Areas and Important Bird Areas
	Endemic Bird Areas (EBAs)
	Birds of Mangroves in Important Bird Areas (IBAs) of the Middle East and East Africa



	30.6 Effects of Oil Spills
	30.6.1 Introduction and Sensitivity Matrix
	30.6.2 Inter-Related and Sensitive Tropical Coastal Habitats
	30.6.2.1 Mangroves
	30.6.2.2 Coral Reefs
	30.6.2.3 Seagrass Beds
	30.6.2.4 Subtropical Marsh

	30.6.3 Oil Spill Case Studies
	30.6.3.1 Kenya Oil Spills
	30.6.3.2 Mozambique Oil Spills
	30.6.3.3 Madagascar Oil Spills
	30.6.3.4 First Gulf War Oil Spills
	Early Effects
	Longer-term Effects
	The United Nations Compensation Commission (UNCC)



	30.7 Development Projects in Oil and Gas
	30.7.1 Oil Spill Contingency Plan (OSCP)
	30.7.1.1 Introduction
	30.7.1.2 Response Strategy and Equipment
	30.7.1.3 Response Methods
	30.7.1.4 Oil Spill Protection/Cleanup Options
	30.7.1.5 Disposal of Recovered Oil

	30.7.2 Mitigation Proposals
	30.7.2.1 Introduction
	30.7.2.2 North Port
	30.7.2.3 South Port
	30.7.2.4 Green Landscaping and Wilderness Areas


	30.8 Discussion
	30.8.1 Introduction
	30.8.2 Security and Maritime Safety
	30.8.3 Health and Safety (HandS) in Remote Locations
	30.8.4 Communications and Cooperation
	30.8.5 Geopolitical and Trans-boundary Factors
	30.8.6 Access to Energy
	30.8.6.1 Primary Energy Supply
	30.8.6.2 Electricity Supply
	30.8.6.3 Renewable or Off-Grid Sources of Energy

	30.8.7 Procurement and Waste Management
	30.8.7.1 Oiled Wastes Arising
	30.8.7.2 Sewerage Infrastructure
	30.8.7.3 Sewage Treatment (TDA 2012)
	Kenya
	Tanzania
	Mozambique
	Madagascar
	Comoros
	Mauritius
	Seychelles


	30.8.8 Environmental and Social Impact Assessment (ESIA)
	30.8.9 Reputation Management

	30.9 Conclusions
	References

	Chapter 31: Environmental Governance As a Framework for Mangrove Sustainability on the Brazilian Amazon Coast
	31.1 Introduction
	31.2 The Importance of the Ecosystem Services of Mangroves for the Sustainability of the Brazilian Amazon Coastline
	31.3 Socio-environmental Conflicts in the Management of Mangroves
	31.4 Measures of Institutional Intervention in Environmental Management of Mangroves
	31.4.1 Stakeholders of Mangroves: The Volunteer Social Management
	31.4.2 Institutional Political Dynamics in the Mandatory Management of Mangroves

	31.5 Conservation Strategies for the Sustainability of the Mangroves on the Brazilian Amazon Coast
	31.6 Conclusions and Recommendations
	References


	Index



