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ABSTRACT
Colombian Pacific region is a global biodiversity hotspot. Mangroves are
among the most dynamic and productive ecosystem on earth and serve
many important functions providing a range of fundamental goods and
services which contribute to the livelihoods, well – being, and local
community’s security. Integral mangroves valuation seeks to understand
the socio-ecological interaction and the relationship between functional
ecosystems (ecosystem services – ES), market interaction and the ability
to support human well – being. Despite the importance, mangroves are
continuing to be threatened and degraded because of socio-
environmental conflicts such as land use change and port infrastructure
which will impact on ecosystem services quality and offer. This article
identifies an approach to the potential ecological, sociocultural and
economic impact of a Deepwater port on the Tribugá Gulf mangroves
ecosystem services offer and its effects on the well – being of Nuquí
communities.
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1. Introduction

Mangroves ecosystems are characterized by their high complexity and diversity. They are found in
tropical and subtropical regions in approximately 123 countries of the world (Spalding, Kainuma,
and Collins 2010; Mukherjee et al. 2014; Thomas et al. 2017; Alongi 2008). These ecosystems at
the interface between terrestrial and marine systems, provide a wide variety of ecosystem services
for local communities, such as raw materials, food, disaster control, soil erosion prevention, water
quality, fishing, carbon sequestration, recreation, and spirituality, all are estimated at least 1.6 billion
dollars per year (Queiroz et al. 2017) and the value per hectare is 194,000 dollars/ha/yr. (Costanza
et al. 1997, 2014).

While the mangroves on tropical and subtropical countries are important in terms of conserva-
tion, currently are the most vulnerable ecosystems. Because of land use change and resource exploi-
tation (e.g. fishing and timber) these ecosystems are increasingly reduced and fragmented. It is
estimated that in the last 20 years roughly 0.16% and 0.39% have been degraded, which affects
their ability to provide ecosystem services (Queiroz et al. 2017). The human activities generated
greater pressure on these ecosystems are overexploitation of wood for fuel and construction
(26%) and the industrial transformation of the landscape for aquaculture and agricultural
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production (Ellison 2000; Valiela, Bowen, and York 2001; Wilkie and Fortuna 2003; Duke et al. 2007;
Walters et al. 2008; FAO 2010; Queiroz et al. 2017; Thomas et al. 2017).

The ecosystem services valuation seeks to capture the benefits offer to human well-being
(Emerton 1996). These methodologies aim to provide decision makers with information about
the social benefits and associated costs of using alternative management practices to contribute
the measurement of social well-being (Bateman et al. 2013; Laurans et al. 2013; Mukherjee et al.
2014). Different methods of economic valuation have been designed to calculate the mangrove
value ecosystems and services, which are implicit to the decision making of land and natural resource
management (Costanza et al. 2014; Mukherjee et al. 2014; Vo, Kuenzerb, and Oppeltc 2015; Cost-
anza and Folke 1997). Nevertheless, it is likely that the different valuation approaches yield large
differences in the economic values assigned (Vo, Kuenzerb, and Oppeltc 2015). This may be due
to the specific conditions of economic activities and geographic, temporal, social, and cultural con-
text (Brander et al. 2012; De Groot et al. 2012; Salem and Mercer 2012; Vo et al. 2012, 2015). More-
over, since valuation exercises are context-dependent, the information on prices used in different
scenarios and contexts for this analysis type can easily be distorted by distribution and welfare biases
of local communities (Emerton 1996, 1999).

Knowing the economic value of ecosystems and their services then becomes an important tool for
decision-making in the management of ecological importance areas relating to human well-being,
sustainability, and benefit distribution (Costanza et al. 1997; Lal 2003; De Groot et al. 2012; Salem
and Mercer 2012; Vo et al. 2012). In general, these studies rigorously assign monetary values to
environmental goods and services through methods based on declared or revealed preferences
and in which, they estimate the willingness to pay for the marginal increase of mangrove ecosystems
(Emerton 1999; Moreno-Sánchez, Maldonado, and Gutiérrez 2013). However, in most cases, the
identification of the local communities needs and perceptions is forgotten, as is the stakeholder’s
importance these bestow on ecosystem goods and services, which vary among individuals, social
groups, and spatial–temporal scales depending on their income level and preferences (Sheil et al.
2005; Cristeche and Penna 2008; Moreno-Sánchez and Maldonado 2011; Contreras 2014).

To make an approximation to the integral valuation of protected area DRMI Tribugá Gulf and
Cabo Corrientes, this paper identifies the potential ecological, sociocultural and economic impact
of a Deepwater port on the mangroves ecosystem services provision and its effects on the Nuquí
community’s well-being (Afro descents community). Also, we demonstrate the importance of eco-
system services assessment as a tool to support the decisions making on the territory management
and in protected marine areas consolidation.

2. Study area

2.1. Biophysics characterization

The Colombian Pacific region is recognized worldwide for its megadiversity of high ecological value
in continental and marine fauna and flora, particularly the wide expanse of mangrove ecosystems
(Velandia and Diaz 2016). The Chocó department is one of the most humid (89% relative humidity)
and rainiest places of the world, with annual precipitation between 5,000 and 7,000 mm and temp-
eratures that vary from 18°C to 30°C (IDEAM 2005). At the continental level, the tropical humid
forest ecosystem predominates, while the mangrove ecosystem is prevalent at the coastal marine
level, where vegetative and animal species of high ecological value like humpback whales, sea turtles,
birds and endemic and migratory insects, which makes this region one of the most diverse of the
country (Velandia and Diaz 2016; Gómez Cubillos et al. 2015).

Colombian Mangrove ecosystem is distributed across the Caribbean and Pacific regions,
where an extension of 282,296 hectares has been estimated of which 210,779 have been distrib-
uted across the Pacific and 71,523 across the Caribbean region. On the last 60 years, it has been
reported a 239,476-hectare loss (INVERMAR 2015, 2016; United Nations 2013). The mangrove
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ecosystems are extremely important natural systems, have the capacity to provide a variety of
ecosystem services through the characteristics, functions or processes that contribute a direct
or indirect way to the human wellbeing (Costanza et al. 1997, 2014, 2017; MEA 2005;
Gómez-Baggethun et al. 2010).

Mangroves perform an important ecological role since this ecosystem is highly productive, it has
the capacity of being a carbon drain, bio-filters, substrate stabilizers and acts as an erosion protector
for the coast. Besides, it works as shelter, nesting and feeding place for different animal species and
provides benefits with timber and non-timber resources that are related with the local communities’
wellbeing (INVERMAR 2015, 2016). These aquatic forests can support more than 70 human activi-
ties. The main ecosystem services are raw material use, feeding, coastal protection, erosion control,
water purification, sustainable fishing, recreation, education, research and carbon sequestration
(Saenger, Hegerl, and Davie 1983; Costanza et al. 1997; Rönnbäck 1999; Valiela, Bowen, and York
2001; Lal 2003; Barbier et al. 2011; Vo et al. 2012; Queiroz et al. 2017).

In Colombia, mangroves represent an important source of natural, where people obtain regu-
lation, provision, cultural and support services. Economically, the ecosystem has been the subsis-
tence foundation of many communities across the whole Colombian coast. One of the most
relevant benefits is the hand-made fishing development, where the mangrove works as a nursery
site for marine young species. In the Caribbean littoral, as much as in the Pacific, throughout the
years there have been developing resource exploitation activities where thousands of families dedi-
cated to the art of fishing recollect mollusks, crustaceans, wood and medicinal plants favouring those
communities’ wellbeing (MADS 2002).

Colombia uses different management tools that contribute to the conservation of these strategic
ecosystems, such as Marine Protected Areas, established to protect marine areas of ecological impor-
tance that are threatened by human activities. The Regional Integrated Management District
(DRMI) tool is among the main strategies implemented in the Colombian North Pacific for the con-
servation and sustainable use of biological diversity. Thus, contributing to the social, economic, and
cultural development of the local communities.

2.2. Socioeconomic characterization

The Nuquí municipality comprises 956 km2 and is distributed in eight villages (namely Jurubirá, Tri-
bugá, Joví, Coquí, Panguí, Termales, Partadó, Arusí, and the urban center of Nuquí), where approxi-
mately 8,576 people, mostly afro-descendants live in territories recognized as collective land.
Furthermore, indigenous communities of Emberá ethnicity (Katío and Waunana) are grouped in
ancestral land, while mestizos that come from the country’s interior are gathered in population
centres (Alcaldía de Nuquí 2016; Velandia and Díaz 2016). Five main economic axes characterize
the relationship between local communities and environment: (i) artisanal fishing, (ii) subsistence
farming, (iii) mangrove-related tasks, (iv) market dynamics, and (v) ecotourism (Velandia and
Díaz 2016). Throughout its history, this population has based land and natural resource manage-
ment on extractive processes and improvised land planning, which generates strong pressure on
the ecosystems that sustain local communities and puts the wellbeing and sustainability of future
generations at risk (Pupo-García and Parada-Corrales 2015; Velandia and Diaz 2016).

2.3. Actors & governance system

Based on an associative and institutional community process, Regional Integrated Management Dis-
trict (DRMI) was declared as a strategy for the biological conservation and biodiversity sustainable
use in Nuquí. The aim being social, economic, and cultural development in the 60,183 ha of a marine
coastal protected area (Figure 1), where it is possible to foster sustainable productive and extractive
activities that are controlled and regulated if the composition and functioning of strategic ecosystems
are maintained (Unidad Ambiental Costera del Pacífico Norte Colombiano 2016). Additionally, this
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type of strategy seeks to implement and boost research, environmental education, ecotourism, and
recreational activities. The governance processes are developed under the guidance of the General
Community Council Los Riscales, located in the Nuquí municipality (Unidad Ambiental Costera
del Pacífico Norte Colombiano 2016). It is important to stress that mangrove ecosystems within
the DRMI have a management plan that promotes integrated planning and use, combining tra-
ditional and scientific knowledge (Unidad Ambiental Costera del Pacífico Norte Colombiano 2016).

The Arquímedes Association (a public-private organization selected for port build) developed a
proposal to build a multipurpose terminal that offers tourism services, regional cabotage, and fishery,

Figure 1. Study area.
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along with a second port that would function as a multipurpose foreign trade terminal for the hand-
ling of export and import cargo, containers, and liquid–solid bulk carriers (Cámara de Comercio de
Manizales 2011; Proyecto Arquímedes 2015, 2017). This infrastructure will be located on the Tribugá
Gulf southern bay, in the biggest mangrove area on the DRMI. Moreover, an electric freight train is
proposed to complement the port, to connect the Nuquí municipality with Quibdó, the Chocó
department’s capital (Proyecto Arquímedes 2017).

2.4. Socioenvironmental conflict

The Colombian Pacific is one of the most conflictive and poor areas in the country. The Colombian
government has identified on several occasions the need to propose a socioeconomic development
strategy that drives Chocó communities to escape the social exclusion they face. The goal of opening
the country’s foreign market by working in the Pacific basin is the basis for the idea to construct a
deep-water port in the Tribugá Gulf, which would function as a support to Buenaventura port, cur-
rently the greatest maritime port of Colombia (López 2009; Proyecto Arquímedes 2015). At a local
scale, this infrastructure project seeks to improve the living conditions of the Chocó department
population, a region with high rates of marginalization, high levels of poverty, inequality, violence,
discrimination, exclusion, and social fragmentation (López 2009).

3. Methods

The mangrove and its related ecosystem services’ integral assessment, was addressed by three value
dimensions’ approaches: ecological, sociocultural and monetary. The ecological value is linked to the
ecosystem services supply capacity. The sociocultural and monetary value rely on human prefer-
ences, where its involved the ecosystem service demand (Rincón-Ruíz et al. 2014). This approxi-
mation looks at the inclusion of ecological, sociocultural and economic values of a protected
marine area in the Colombian Pacific.

3.1. Ecological assessment

The ecological assessment refers to ecosystem processes and interactions related to ecosystem ser-
vices provision (quantification and ponderation). Parting from this approach, the ecological assess-
ment was addressed, analyzing changes in mangrove ecosystem habitat quality.

3.1.1. Land cover change and scenario generator
A scenario is storylines that depict future events and states. These scenarios can be expressed in a
spatially explicit form related whit land cover. The land cover change scenario is important for
detecting possible consequences of change driven by the port building and the effect in ecosystem
services supply (InVEST 2016).

The InVEST Scenario Generator Tool was used, founded on the land aptitude and the changes
generated in relatively suitable areas. The tool combines the transition probability input, physical
and environmental factors that influence the change, and the number of anticipated changes
under conditions of a given scenario. Based on an adequacy analysis, land cover is determined in
a future scenario. A random buffer has been chosen for modelling the future scenario, considering
the Biodiversity Loss Trade-off Manual.

The land cover change was calculated with a scenario generation tool for InVEST software based
on land sustainability, where the principle that change of land occurs on areas that are relatively
more suitable, combining stakeholder’s perceptions and the transition likelihood with physical fac-
tors to generate future land cover. A comparative analysis of geographic information was carried out
between the actual (Marine protected area) and future (Deepwater port) scenarios, based on the
mangrove hectares’ change.
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3.1.2. Habitat quality assessment
The ecosystem services supply is linked with biodiversity, and the biodiversity patterns can be esti-
mated by analyzing maps of land use cover in conjunction with expected threats. Habitat quality is
not considered an ecosystem services per se, but rather represents the potential ecosystem services
provision in each area, integrating into the analysis the biological condition of a system undergoing
current threats (Hall, Krausman, and Morrison 1997; Lal 2004; Giri, Defourny, and Shrestha 2003).

This approach estimates the habitat extent and mangroves vegetation across the study area and
their degradation state. Therefore, two patches with the same characteristics will have different habi-
tat quality values if one of them is more exposed to current threats such as the port infrastructure.
The InVEST habitat quality model combines information on land use/land cover and biodiversity
threats, to produce habitat quality maps.

This assessment generates the relative extent and degradation of different habitat types in the
study area across the time. Also, allows a rapid biodiversity change status assessment. This model
considers the ecosystem resilience. A high-quality habitat will better support all biodiversity
levels (genetic, species, and ecosystem). A low-quality habitat represents a biodiversity resilience
decline.

The model allows estimating the relative impact of a threat to biodiversity resilience and com-
pares the damage level between threats. This assessment of potential land use/land cover can
measure future changes in habitat extent, quality, landscape rarity and conservation needs (InVEST
2018). The values of habitat quality range were measured by the distance between patches and
threats. The measurement unit used is based on the mangrove hectares’ loss.

3.2. Sociocultural assessment

Sociocultural Valuation emerges from ecosystem services demand, allows to identify which are the
ecosystem services beneficiaries and generates knowledge about the needs, norms and behaviours of
individuals and institutions in the study area. The technique aim includes the importance that people
give to ecosystem services, reflecting the perceived realities, worldviews and belief systems of indi-
viduals and social groups (Rincón-Ruíz et al. 2014).

The participatory deliberative research method seeks to identify the local communities’ percep-
tion about the ecosystem services value, and the impacts in human wellbeing. The factors considered
on the decision-making process for preference and perceptions were: their subsistence economy,
social processes and the integration of traditional ecological knowledge (Emerton 1996; Lina et al.
2007; Gómez-Baggethun et al. 2010; Reyes-García 2009; Moreno-Sánchez and Maldonado 2011;
Martín-López 2013; Ruiz Agudelo et al. 2013).

This approach was developed through the implementation of a workshop with eight villages
of the Nuquí municipality, where 101 people participate, organized in 17 groups. The
participants include indigenous and afro-descendant representative and leaders of Jurubirá, Tri-
bugá, Nuquí, Joví, Coquí, Panguí, Termales, Partadó, and Arusí villages. The technique used
entailed participant observation where the communities identify the areas for ecosystem services
supply.

3.2.1. Participatory deliberative assessment
The methodological framework follows the recommendations of Ruiz Agudelo et al. (2013), to ident-
ifies and characterizes territory dynamics and social-environmental conflicts. Socio-cultural, ecologi-
cal and economic information was selected of a literature review. The fieldwork data sampling was
conducted in two stages: 1 – Visits and meetings with local authorities and institutions to identify
regional information. 2- Three (3) workshops whit the 17 groups, to identify (over the map) areas
for ecosystem services supply. Finally, the participants classify the ecosystem services in terms of
importance and use frequency.
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3.3. Economic valuation

Two valuation methodologies were implemented to obtain an approximation to welfare and the
market value, through the calculation of willingness to pay for maintaining the environmental
and socioeconomic benefits of the protected area, and indirect market values, directed to estimate
the mangroves total economic value. This approach is expressed in monetary units and depends
on stakeholder’s perceptions of ecosystem services mangroves values.

3.3.1. Literature review
A literature review was developed about the state and values of Colombia’s mangrove ecosystem,
through the keywords: mangroves, economic valuation, Colombia, Pacific region, benefit transfer,
ecosystem services, total economic value, traditional fishing and tourism in English and Spanish.
An estimated time range was not considered, studies from 1998 until 2017 were found. In total,
17 documents were compiled and systematized, distributed in 12 scientific papers and 5 technical
reports. A matrix was built for the data systematization.

3.3.2. Contingent valuation
This methodology sought to estimate an individual’s willingness to pay (WTP) to the ecosystem ser-
vices provision conservation (Cameron and Carson 1989; Pere Riera 1994; Bateman and Jones 2003;
Pagiola, von Ritter, and Bishop 2004). Two semi-structured survey models were carried out with two
relevant focal groups in the decision-making and governance process. Methodologically, the goal was
to obtain a sample no less than 50 surveys. However, the community and the organizations’ partici-
pation were not entirely receptive to the exercise. Additionally, limitations in costs and time were
present.

3.3.3. Design valuation scenarios
3.3.3.1. Current scenario. The DRMI generating a biological conservation strategy focused on social,
economic and cultural development that allows improving the population’s quality life. The objective
and engagement of the communities are to maintain the composition and ecosystems functions,
despite suffering structural modifications. This is only achieved under a shared and articulated ter-
ritory use, promoting sustainable use, preservation, restoration, knowledge and ecosystem enjoy-
ment. Along the 60,183 hectares that conform to the protected area, they can carry out
productive sustainable activities, controlled and regulated extractive industries, research, environ-
mental education, ecotourism, and recreational activities. The governance processes are performed
through planning, coordination, execution, and action evaluation processes about three specific
topics: fishing, mangroves and laws, and it are under the Los Riscales General Council authority
(Unidad Ambiental Costera del Pacífico Norte Colombiano 2016).

The Arquímedes Association is a private corporation of mixed economy that promotes, manages,
and executes the Tribugá deepwater port project. This organization’s proposal is to construct a
multi-purpose terminal that is put together by tourism and coastal fishing regional services port
terminal and the construction of another multi-purpose terminal of exterior commerce for the
use of import and export container cargo, general cargo, liquid bulks, solids and the development
of a possible hydrocarbon port. The location of the project will be above the Tribugá bay. The
port zone definition shows the tourism and coastal fishing port location (10.4 Has), seaport
(109.3 Has), the Tribugá’s populated centre redistribution (11.7 Has), the mangrove zone, protection
areas and environmental services (103,4 Has), mangrove’s damping zone (11 Has), ecological and
economic low impact zone (96,7 Has), sea protection border (59.6 Has), equipment for domiciliary
public services (12.8 Has), low impact touristic corridor (157.4 Has), social and prioritized interest
residence zones (10 Has). Additionally, the Arquímedes association proposes the construction of an
electric train that connects the Nuquí municipality with Quibdó, for cargo transport. This proposal
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identified socioenvironmental impacts, where at the same time they propose mitigation activities
(Cámara de Comercio de Manizales 2011; Proyecto Arquímedes 2015, 2017) (Figure 2).

3.3.4. Community approach
The first survey was for social leaders that take part in decisions and governance process. The semi-
structured survey format was open to auction, 20 individuals were surveyed (Nuquí’s community
leaders), on seven towns, dedicated to the traditional fishing, agriculture, and tourism. The survey

Figure 2. Footprint Deepwater port.
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included 29 questions about the mangroves stakeholder’s perception, the territory and port
construction. The hypothetical market focused on identifying the willingness to pay to keep the
environmental, sociocultural and economic benefits generate the protected area. Moreover, the will-
ingness to pay for keeping the ecosystem services provided by the mangrove is asked (supplementary
material 1).

The suggested payment was the fisherman daily income estimated in $10.52 dollars, taking the
10% a reference that is equal to a range between $ 1.05 and $ 1.75 dollars. The considered services
were traditional fishing, ecotourism, and mangrove habitat quality.

3.3.5. Organizations approach
The second survey was to organizations related to DRMI consolidation, sustainable management,
and territory governance. The selected organizations by expert criteria were: Los Riscales Com-
munitarian Council, the Nuquí mayor’s office, Codechocó, the GICPA, Marviva foundation,
Eduardoño, AUNAP, the Nuquí’s recycling Net, Fondo Acción, IIAP, PNN, WWF, Conservation
International, Mano Cambiada and INVEMAR, included the 15-stakeholder’s participation. The
semi-structured survey format was open to auction, consisted of 21 questions about the man-
groves stakeholder’s perception, the territory governance, and port construction. The survey
was carried out on the Survey Monkey platform. The hypothetical market focused on the will-
ingness to pay to support and strengthen the activities carried out in the region and to guarantee
the mangrove’s ecosystem services for sociocultural and economic development of local
communities.

The suggested payment in the survey was the expert criteria on the amount spent money on
actions directed to natural resources conservation and management and the farm labour for the
DRMI. These values were estimated in a range between $ 35,000 and $ 140,000 dollars per year.
The valued services were traditional fishing, ecotourism, and mangrove habitat quality.

3.3.6. Benefit transfer
This method was applied as a complementary method to methods previously described (Costanza
et al. 1997, 2014; Ruiz–Agudelo 2014). To transfer available information from previous studies,
these must comply with the following conditions: (i) Environmental resources and ecosystem ser-
vices should be similar in the two areas; (ii) Market conditions should be similar unless sufficient
information is generated to determine a new market; (iii) The demographic and cultural conditions
and income levels should be similar in the two areas (Cristeche and Penna 2008; Ruiz Agudelo et al.
2011).

The benefits transfer was direct, relocating the mangroves indirect market values (fishing and
tourism), using central tendency measure. A systematic research model was implemented in aca-
demic journals databases (Ebsco, Host Academic, ProQuest, Science Direct, ISI Web of Science,
JSTOR, SCOPUS, and BioOne) and scientific papers referred to Google Scholar and Redalyc project.
Approximately 18 search criteria were used, through Boolean operators AND +OR, among key-
words such as environmental economic valuation, marine, coast, contingent valuation, benefit trans-
fer, ecosystem services, Pacific, Colombian Pacific, Tribugá Gulf, mangrove, ecosystem services,
marine-coastal, contingent valuation, fishing, tourism.

Was possible demonstrate a broad scientific production related to valuation studies on marine
protected areas, which about 80% involved the benefits transfer method. A data systematization
matrix was carried out, prioritizing 24 studies and selecting 13 values to transferred. The values
transfer was based on Costanza et al. (2014), with the purpose of estimating the strategic ecosystems
total value. The transferred values are calculated from the 6% annual inflation rate, and the dollar
exchange rate for March 2017.

Despite a small sample, it has been found that willingness to pay (WTP) represents an
average value approximation. The willingness to pay was referential since a statistical model
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couldn’t be implemented because of the small sample size. Finally, the direct values transfer was
implemented.

3.4. Wellbeing analysis

This analysis is being developed under three valuation focuses: ecological, sociocultural and econ-
omic, identifying the prioritized ecosystem services by local communities and the potential impact
that generates the socioenvironmental conflict by the Deep-water port construction which is directly
related with the local and regional wellbeing.

4. Results

4.1. Ecological assessment

4.1.1. Mangroves landcover change
In the study area, has been identified 2,408 mangrove hectares across the DRMI from Jurubirá up to
Arusí region. The biggest concentration is located on Tribugá bay with 1,865.94 hectares. The poten-
tial impact of the socio-environmental conflict generated by the port construction reflected in a
916.94 hectares’ loss, which becomes in secondary vegetation or in clean grass transition. Besides,
the coastal zone erosion is the main causes of these changes in land cover (Table 1, Figure 3).

4.1.2. Mangroves habitat quality
Habitat quality refers to ecosystem ability to provide appropriate conditions for human wellbeing.
InVEST model ranging from low to high level, based on resources available for survival, repro-
duction, and population persistence. Chocó still maintains the integrity of strategic ecosystems,
preserving the constant ecosystem services flows. Habitat with high quality is related to intact
areas (InVEST 2016). The levels with a bigger habitat quality are related to mangrove ecosystem
in the study area, especially in the Tribugá gulf. Habitat quality depends on habitat’s proximity to
human land uses and the land uses intensity. Generally, habitat quality is degraded as the inten-
sity of nearby land-use increases (InVEST 2016). The impact on the 916.94 mangrove hectares by
the Deep-water port construction, results in 909.72 hectares’ whit low-quality levels, affecting the
ecosystem’s services supply and the local communities’ wellbeing. This quality decrease will be
reflected in landcover changes, where the secondary vegetation and clean grass will dominate
(Figure 4).

The mangrove ecosystem services supply of Tribugá Gulf depends on the dynamic, and ecosystem
resilience capacity. The habitat’s quality changes of Tribugá gulf because of the Deep-water port con-
struction generates a potential impact on the communities’ wellbeing, as well as make the region vul-
nerable to climate change effects.

Table 1. Land cover potential changes in a future scenario.

Land cover Current Scenario (ha) Future Scenario (ha) Loss (ha)

High-dense forest 105,484 105,484 0
Open forest 6,086 6,003 83.03
Secondary/ transition vegetation 3,328 3,992 −664.24
Mangroves 2,407 1,490 916.94
River 1,721 1,805 −83.03
Arboreal grasses 39.71 43.32 −3.61
Clean pastures 1,504 1,267 −212.99
Crop Mosaic 184.11 220.21 −36. l
Sand 166.06 166.06 0
Urban 32.49 32.49 0
Road 32.49 32.49 0
Total 120,537 120,537 999.97
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4.2. Sociocultural assessment

The deep-water port construction in one of the regions of utmost importance and environmental
and cultural wealth confronts a scenario that favours the infrastructure development against the
natural ecosystem that characterizes the biogeographic Chocó. The construction would favour the
country economy but doesn’t ensure that it can favour the local communities’wellbeing that depends
on a direct way of ecosystem services offer. Because of this, a socio-environmental conflict should be
identified in the region (Environmental Justice Atlas 2018).

The Tribugá Gulf through social leaders that make part of Los Riscales Communitarian Council
and is supported by a government, non-government and academic institutions, identify and define
the zone’s management figure as a governing, co-responsibility and teamwork strategy, for the con-
servation of the coastal-marine resource, around the mangrove and the traditional fishing
management.

The Nuquí communities base their economy on the traditional fishing, subsistence agriculture,
and informal ecotourism development. It’s because of this that main conservation objectives are
focused in: (i) the marine-coastal ecosystems’ preservation and restoration that are found between
the Tribugá Gulf and Cabo Corrientes, where activities like mating, reproduction, and breeding of
the humpback whale, endemic and migratory birds, dolphins, sea turtles, among others; (ii) To
keep the mangroves’ structural and functional attributes, among other marine-coastal ecosystems,
with the objective to guarantee the biological connectivity and the ecosystem services supply; (iii)
To maintain hydro-biologic resources sustainability of and other ecosystem services that support
the fishing production, the region’s extractive, touristic and recreational use, for enjoyment and well-
being for the local and touristic communities; And finally, (iv) to contribute the strengthening of

Figure 3. Mangroves land cover change.
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cultural dynamic of native and black communities that depend on ecosystem services supply and
that through their ancestral knowledge and sustainable practices, contribute to protection and man-
agement of the natural capital heritage.

The deliberative assessment that was developed with representatives from eighth (8) small towns
across the Nuquí municipality, identified and conceptualized a 25 ecosystem services presented to
community (Ruiz Agudelo et al. 2011), of which 17 were related to mangrove ecosystems like
water provision, decorative products, fishing, agriculture, raw materials, water quality, air quality,
carbon/oxygen, erosion and landslide control, habitat quality, disaster control, flooding regulation,
soil fertility, recreation, tourism, natural medicine, and landscape.

These ecosystem services were qualified on a scale of 3 to 1, being 3 the highest score and 1 the
lowest, per importance and use. For the importance category, the community considers the most rel-
evant services are water provision, water quality, air quality, fishing, agricultural products, habitat
quality, soil fertility, and raw materials.

This classification manages to identify and confirm the importance for subsistence that man-
groves have for Nuquí communities. From these ecosystems, they obtain food (fishes, mollusks
and crustaceans), wood for house construction, firewood for cooking and medicinal plants. Besides,
it offers protection and mitigation to storm effects, erosive processes, and flooding, to which are more
vulnerable the coastal populations. In economic terms, mangroves are full of habitats with important
species for handmade fishing development, scenic beauty, recreation, and culture.

The fishing ecosystem service is the main economic activities of the region, generating different
dynamics based on the available resource exploitation directed to environmental, social, economic
and cultural sustainability. Most of the population benefits from fishing as a source of economic
income and self-supply. This service is currently protected under the responsible fishing

Figure 4. Mangroves habitat quality change.
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management, the development of fishing monitoring and interinstitutional agencies for the take of
decisions about the laws and development of traditional fishing.

Per up, the deep-water port construction can be considered as a threat to different territory scen-
arios, the mangroves’ ecosystem services supply, and the local communities’ wellbeing that depends
on and supports this offer. The main potential impacts of the port construction identified and
pointed out by the Environmental Justice Atlas are mainly social and economic.

Regarding the potential environmental impacts, it has been identified: Air pollution, biodiversity
loss, desertification/drought, fires, flood, food insecurity, genetic contamination, global warming,
loss of landscape/aesthetic degradation, noise pollution, soil contamination, soil erosion, waste
overflow, deforestation and loss of vegetation cover, surface water pollution/decreasing water quality,
groundwater pollution or depletion, large scale disturbance of hydro and geological systems, reduced
ecological/hydrological connectivity.

The identified potential socioeconomic impacts are: Displacement, increase in violence and crime,
lack of work security, labour absenteeism, firings, unemployment, loss of livelihood, loss of tra-
ditional knowledge, practices and culture, militarization and increased police presence, social pro-
blems such as alcoholism and prostitution, and dispossession and loss of landscape/sense of place.

4.3. Economic valuation

Mangroves are fundamental for human wellbeing, the assessment interests of ecosystem services
have been growing since it is expected that through this instrument, lineaments are generated
that allow the decision makers and support the ecosystems use and management (Costanza et al.
1997, 2014; MEA 2005; Mukherjee et al. 2014). One of the first approximations to the ecosystem
services’ global value was estimated in US$ 33 trillion per year (Costanza et al. 1997), and in 2014
Costanza et al. (2014), updated this value in US$ 247 trillion per year. In the specific mangrove
case, the estimated value by Costanza in 1997 was around US$ 14,000/ha/year, increasing in 2014
to US$ 194,000/ha/year (Costanza et al. 2014).

The mangroves economic studies are currently focused on conservation promotion, generating
alternate managing, human wellbeing and environmental tradeoffs (Lal 2003). Different economic
research has been designed to calculate mangrove ecosystem values (Costanza et al. 2014; Mukherjee
et al. 2014; Vo, Kuenzerb, and Oppeltc 2015). Nevertheless, it is likely that the different valuation
approaches generated big differences in the assigned economic value (Vo, Kuenzerb, and Oppeltc
2015), This can happen because the specific conditions of economic activities, geographical, social
and cultural context (Brander et al. 2012; De Groot et al. 2012; Salem and Mercer 2012; Vo et al.
2012, 2015). Usually, the mangrove ecosystems tend to be undervalued, even if they offer indispen-
sable services for communities’ wellbeing that depend directly or indirectly on them. The undervalu-
ing of its ecosystem services has different reasons, which are found the resource open access and lack
of awareness of its value (Saenger 1999).

In Colombia, there exists an important number of related studies with the marine-coastal ecosys-
tem services assessment, utilizing from declared preference methods up to a benefit estimation.
However, these studies at most are developed by the Caribbean region and in a small proportion
for the Pacific region. The valued ecosystem services in the studies are (i) The total economic
value; (ii) tourism service; (iii) carbon stock; (iv) fishing; (v) protected area conservation and the
benefits they produce. The most implemented methodologies have been: (i) market prices; (ii) con-
tingent assessment; (iii) benefit transfer, among others.

The studies that value the total economic value estimate this service in between USD$ 3,590 ha/yr.
and USD$ 254,487 ha/ year (Carbal Herrera 2010; Carbal Herrera, Carbal Muñoz, and Solar Cum-
plido 2015; Prato and Reyna 2015; Prato and Newball 2015; Vergara, Serpa, and Carbal 2016; Con-
servation International 2017). The fishing service is estimated between USD$ 1,384 income/yr. and
USD$ 720 million income/yr. (Maldonado et al. 2013; Prato and Reyna 2015; Prato and Newball
2015; Contreras Araque 2016; Conservation International 2017). The tourism service is estimated
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between USD$ 50,295 income/yr. y USD$1.495 million income/yr. (Maldonado et al. 2013; Castaño-
Isaza et al. 2014; Pupo-García and Parada-Corrales 2015; Prato and Reyna 2015; Prato and Newball
2015; González, Ledesma, and Niño Martínez 2016; Romero Castañeda and Cárdenas Muñoz 2017;
Conservation International 2017), and finally, the carbon stock in between USD$ 21,081 Ton/yr. and
USD$ 32 million Ton/yr. (Lozano Torres 2007; De La Peña, Rojas, and De La Peña 2010; Maldonado
et al. 2013; Zarate-Barrera and Maldonado 2015; Conservation International 2017) (Table 2).

4.3.1. Contingent valuation
The local community willingness to pay (WTP): Of the 20 individual leaders and representatives of
the 8 Nuquí villages that are dedicated to artisanal fishing, tourism, and agricultural activities,
80% are willing to pay an economic contribution between USD$1.05 and USD$1.75 per month.
This contribution would be aimed at benefits conservation related to a self-governance system led
by Los Riscales Community Council, artisanal fishing, community tourism, and mangrove sustain-
able use provided by the DRMI to local communities. This is equivalent to USD$22,654 and USD
$37,758 per year, considering that roughly 1,798 Nuquí households are willing to pay for the 12
months of the year. The remaining 20% of the sample is distributed into 5% of individuals unwilling
to pay and 15% that do not know or do not respond. The artisanal fisheries, community tourism, and
the sustainable use of mangrove ecosystem services were individually assessed. Artisanal fisheries
being the most valued by the community at USD$37,358 per year. Community tourism and the
mangroves sustainable use were valued at USD$22,654 each one. The economic contribution
would be meant to support and finance the DRMI and the mangrove management plans. These
activities must conservation strategic ecosystems by maintaining ecosystem service supply and eco-
logical connectivity. In addition, they must strengthen cultural dynamics and traditional knowledge
to support the economic and extractive activities practiced in the region.

Organizations’ willingness to pay (WTP): Of the 22 stakeholders invited, only 50% answered the
semi-structured survey. The 100% of respondents would be willing to pay a monetary and/or non-
monetary contribution to maintain the protected area and different benefits provide to local commu-
nities. Of the respondents, 60% would be willing to pay an economic contribution to strengthen the
activities carried out in the DRMI, if the constant ecosystem services flow and sustainable use is
guaranteed. The remaining 40% of the group is willing to provide a voluntary non-monetary
contribution of technical, scientific, or entrepreneurial nature aimed at the local communities’ social,
economic, and cultural development. The main reason these respondents are not willing to pay a
monetary contribution is their distrust of economic resource ‘s use. The stakeholders’ willingness

Table 2. Mangroves ecosystem services economic valuation results.

Ecosystem services Valuation technique Minimum value estimation Maximum value estimation

Total economic value Benefit transfer
Market prices
Opportunity cost
Participatory assessment
Contingent valuation

USD$3,590 ha/yr. USD$ 254,487 ha/yr.

Fishing Benefit transfer
Market prices
Bio economic model
Participatory assessment
Contingent valuation

USD$ 1.4 million income/yr. $ USD720 million income/yr.

Tourism Benefit transfer
Market prices
Choice experiments
Participatory assessment
Contingent valuation
Travel cost

USD$ 50,295 income/yr. USD$ 1.4 million income/yr.

Carbon Opportunity cost
Market prices

USD$ 21,081 Ton/yr. USD$ 32 million Ton/yr.
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to pay is distributed in 60% with USD$35,000 annually and 40% between USD$70,000 and USD
$105,000 annually. This is equivalent to a range of USD$168,000 and USD$252,000 per year if
the organization’s contribution is considered in the DRMI management decision making.

This approximation presented different restrictions that range from the sample size, which was
lower than 50, for the two cases. Additionally, the communities that did not show interest to respond
to the Survey. However, with a relatively low sample of 20 individuals, it has been found that the
availability range to pay (WTP) for the two social groups represents an approximation to an average
value. These value ranges are clearly referential, a reason why it is not possible to implement a stat-
istical model. These WTP ranges are estimated for the communities in USD$ 22,654, USD$30,206
and USD$37,758 per year, and for the organizations is estimated in USD$168,000, USD$ 210,000
and USD$252,000 per year (Table 3).

4.3.2. Benefit transfer
Twenty-seven studies on ecosystem services economic valuation of protected marine areas in the
Pacific and Caribbean regions between 2006 and 2016 were selected. In total, 28 transferred
values in four categories were obtained: (i) total economic value, (ii) visits income, (iii) fishing
income, and (iv) household/month. The ecosystem services most valued for the region per the
literature consulted were tourism, fishing, and the total economic value of mangroves. More
than 80% of the studies implemented benefits transfer for ecosystem valuation. Most of these
studies indicated gaps in knowledge in different geospatial, socioeconomic, and/or methodological
categories.

Few studies have been done in the Colombian Pacific since most studies have focused on the
evaluation of marine-coastal services in the Caribbean region, which presents greater economic
and social development. Therefore, these studies were considered to estimate the value of artisanal
fisheries and community tourism in the Tribugá Gulf and Cabo Corrientes DRMI. The benefits
transfer method tends to cause overestimation bias and low accuracy level due to the differences
between studies on the landscape unit, development, the local community’s socioeconomic situation,
and access to natural capital.

Direct transfer for fishing. The fishing value for the region was estimated for the annual income
unit from the studies of The Nature Conservancy (2014), AUNAP (2014), and Contreras (2014). The
average income value from the original studies is USD$ 2,712 per year/fisherman. In Nuquí, nearly
400 fishermen are registered, who are exclusively dedicated to artisanal fishing. In Nuquí there are
400 traditional fishers currently registered, which would be equivalent to an annual loss of USD$1
million per year.

Direct transfer for tourism. The annual value for the visiting unit was estimated from the studies of
Maldonado et al. (2013), García, Prato and Reyna (2015), and Carbal Herrera, Carbal Muñoz, and
Solar Cumplido (2015). The average visit value for original studies was USD$7.01. The income loss
by tourism service is equivalent to USD$52,579 per year for the 7,500 Nuquí visitors every year.

Direct transfer for the total economic value. The mangrove hectare value was estimated, using the
study of Prato and Reyna (2015). The value in the original study was of USD$ 253,617 per hectare/yr.
The study area present 2,048 mangroves hectares of which is equivalent to USD$ 6.10 million per
year. The loss of 916.94 mangrove hectares because the deep-water port construction is equivalent
to USD$ 232 million per year.

Table 3. Contingent valuation value approach.

Social group Ecosystem services
Minimum

value (USD/yr.)
Average

value (USD/yr.)
Maximum

value (USD/yr.)

Communities Maintain DRMI benefits: artisanal fishing, community
tourism, and sustainable mangrove use

$ 22,654 $ 30, 206 $ 37,758

Organizations Financing to maintain ecological, Social and economic
DRMI benefits

$168,000 $ 210,000 $ 252,0000
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5. Discussion

The marine protected area DRMI Tribugá Gulf and Cabo Corrientes is a territorial organization that
allows local communities to develop their own governance system, based on traditional ecological
knowledge (Gómez-Baggethun 2009; Reyes-García 2009; Gómez-Baggethun et al. 2010), cultural
knowledge and the local economy. The Changes in this complex socio-ecological system (Anderies,
Janssen, Ostrom 2004; Ostrom 2009; Martín-López, Gómez-Baggethun, and Montes 2009), through
the different interactions between the communities and the environment, has repercussions on the
wellbeing perception.

The protected area’s integral assessment DRMI Tribugá Gulf and Cabo Corrientes looks to
conceive the territory as a socio-ecological system, where interactions are made between the eco-
logical, social and economic systems becoming in a tool and an important supply for the man-
agement and mangroves use from the reconnaissance of local context, the associated stakeholders
and inclusion of different assessment methodologies. The territories where the socio-environ-
mental conflicts related to vulnerable populations with high poverty and inequality levels are evi-
dent are considered pertinent scenarios for the implementation and inclusion of ecosystem
services’ integral valuation. These approximations allow comprehending in a clearer way these
interaction and affectation processes by including an ecological, sociocultural and economic
dimension under deliberative participative processes and taking of decisions that make evident
the ecosystem’s multi-functionality.

The different valued languages addressed in this study searched to contextualize about the actual
state of Tribugá Gulf and its capacity to supply ecosystem services of which depends on the local
communities’ wellbeing. Following this, it looked to comprehend the dynamic between the ecologic
and sociocultural system, from the value perception and local communities’ wellbeing, defining
which of the ecosystem services are of most importance and most frequent use. Finally, the ecosys-
tem value is approximated from the perception and willingness to pay from the social groups or rel-
evant stakeholders in the management.

5.1. Information availability

The information available and the obtained is currently low, so it doesn’t allow us to integrate in an
analytical way the three assessment results. The main recommendations refer to necessary infor-
mation requirements to advance integral assessment studies, a database creation that is available
to the public is necessary about the assessment studies of Colombia’s mangroves, allowing the stan-
dardization of the compiled information by applying strict methodologic protocols. These databases’
foundation will allow the access to data in gross to feed specific models for detailed regions from
grouped data, reducing like that regionalization mistakes.

With a national platform that can systematically compile the economic assessment research, is
possible information search comparable and robust, facilitating the benefits transfer development
with better-adjusted models and trusted results that can be considered in the socio-economic politics
formulation. Besides, can provide information in multiple contexts with a much better tropical sys-
tem comprehension and the user preferences in developing countries.

5.2. Method limitations

Despite a high dependency existing in the socioeconomic system and the ecological system in the
DRMI Tribugá Gulf and Cabo Corrientes, there are different threats and identified impacts in the
territory that have made that the degradation and transformation levels increase, affecting in a direct
way the wellbeing of the local communities. The logic behind the integral assessment is to show the
importance of the biodiversity and ecosystem services to allow its incorporation in the process of
making decisions for the territory management (Rincón-Ruíz et al. 2014).
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Nonetheless, the different limitation has been found in the valuation methods. The deliberative
assessment is important for knowing the communities’ perceptions, we found that the prioritized
ecosystem services by the community don’t fit with the economic assessment studies that are
found in the literature. This allows to evidence the necessity of considering this approximation in
future studies with the goal of guiding formal economic assessment exercises in the local preferences
and perceptions.

The economic valuation has a fundamental role in correcting market failures under a common
measurement unit, the monetary unit. These methodologies look to quantify in a monetary manner
the goods and services offered by the mangroves that might be or not be in a market. However, this
methodology is not always sufficient, which opens the possibility to include other kinds of method-
ologies that complement the analysis since these assessment exercises tend to be dependent contexts
and rely on a certain way from socio-environmental conflicts that are generating in the territory. The
contingent assessment is the most adequate method to estimate the economic value on this exercise
(costs, time and the actors’ disposition), where the most relevant in the study. It is recommended to
rely on bigger sample size to generate scenarios with even bigger pertinent participation, where it can
achieve to involve an even larger number of actors.

The benefits transfer, despite being one of the methods with bigger controversies, is the most used.
Even so, it is important to highlight that this methodology is not precise and its context dependent,
which generates an approximation instead of real value.

6. Conclusion

The ecological valuation shows the actual state of the mangrove ecosystem, where the 2,408 hectares
show a habitat quality high level. The 916.94 hectares’ loss because of deep-water port construction
above the Tribugá Gulf, would limit the mangrove ecosystem services supply.

The deliberative assessment prioritized the ecosystem services with the local stakeholders in terms
of importance and use, among them, there are water provision, quality air, fishing, agricultural pro-
ducts, carbon stock, soil fertility, natural medicine, habitat quality, and raw materials. Nevertheless,
in the literature revision, the most valued are the ones that have a market like tourism and fishing,
and the total economic value estimation, with weaknesses in the method implementation and in the
access to primary and secondary information. In most of them, there doesn’t exist a correlation
between the locals’ interests and the formal economic assessment studies.

The literature assessment allows to find out that for Colombia’s mangroves, the most valued ser-
vices are fishing, tourism, carbon, and total economic value, with different estimated value ranges in
(i) Fishing: USD$ 1.4 million income/yr. and USD$ 720 million income/yr.; (ii) Tourism: USD$
50,295 /yr. and |USD$ 1,495 million income/yr.; (iii) Carbon: USD$ 21,081 Ton/yr. and USD$ 32
million Ton/yr. The information keeps being scarce, diverse and dependent context, but it’s con-
sidered as an approximation to Colombia’s mangroves valuation.

The economic valuation which was addressed from the contingent valuation and benefits transfer
had important limitations: it wasn’t possible to apply statistical models because of the sample size
and the universe that was counted with was restricted of information. On their behalf, the contingent
assessment was not possible to develop in its own group because of the methodological limitations,
the available obtained ranges for the willingness to pay (WTP) shows us that there is an interest from
the communities and the organizations to maintain the mangroves’ status quo. For the benefits
transfer approximation, there is the possibility to use the ecological assessment information on
the mangroves net loss. This means that the 916.94 mangrove hectare loss is equal to approximately
USD$ 232 million /yr.

For future studies in the mangrove integral valuation be considered: (1) the use of a better bio-
physics information that allows characterizing the ecosystem and the capacity to supply ecosystem
services; (2) consider the communities and organizations’ preferences and perceptions that depend
on the ecosystem services and the ecosystem quality, with the objective to approach these studies to
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local realities; and lastly, (3) the generated primary information must be developed under economic
valuation conventional methods.

The ecosystems loss for construction of a deep-water port is directly reflected in the ecosystem
services loss and benefits offered by the current protected area.

This is an economic value approach of the Colombia Pacific region and the results obtained are
important enough by themselves to analyze each one. The challenge is to convert this result into
incentives for decision-makers and other relevant stakeholders, like Arquímedes Association. If
the future scenario is real, this approach can be used by land managers, economic agents and
decision makers to identify and priority areas for conservation and to identify potential conflicts
associated with new management practices.

If the hypothetic future scenario is real, the economic agents must use these results to understand
the environmental and socioeconomic context, prioritize conservation areas, quantifying trade-off,
and create a pertinent environmental compensation plan for the territory intervention, to avoid irre-
versible effects over mangrove ecosystem.
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