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Abstract 
 
 

The ‘Ecosystem Service Concept’ and the ‘Valuation of Ecosystem Services’ as a 
framework and tool for developing integrated approaches to mangrove management and 

conservation. 

 
Lessons from past conservation efforts have highlighted the necessity for movements away from 

traditional, top down efforts following the preservationist approach and towards more integrated, 

approaches characterised by typically characterised by public participation and multi-sector 

collaboration. The ‘Ecosystem Service Concept’ (ESC) has become a popular framework upon which 

to facilitate said collaboration, uniting stakeholders through concepts of societal dependence on 

ecosystems as a rational for their sustainable management and conservation. Ecosystem service 

(ES) valuation is an associated tool developed to bridge communication gaps across stakeholder 

types by providing a common language with which to manage ES values. At present, valuation 

attempts have primarily focused on the use of monetary units in the monetary valuation of ecosystem 

services (MVES). This method aids in translating the values of ES into a language more readily 

adopted in land-use decisions thus facilitating communication between practitioners and decision- 

makers. The issue here however is that despite facilitating discourse at said level, MVES excludes 

local stakeholders by foregoing public participation and ultimately neglecting the social values and 

the non-material benefits of ES. As a result, MVES has received criticisms concerning its relative 

one-dimensionality, leading to calls for value plurism and greater consideration of social values 

needed for integrated management schemes. Mangroves have become widely recognized as highly 

productive ecosystems delivering a variety of services vital in supporting coastal communities, 

national economies and adjacent ecosystems. The diversity of their services, in addition to the range 

to which their benefits extend make mangroves an interesting system within which to explore the 

discourse surrounding ESC and valuation and examine the potential and limitations of the tool in 

developing integrated approaches to mangrove management. This study reviews use of MVES in 

mangrove ecosystems, identifying gaps in the literature with regards to the cultural services of 

mangroves, representation of their ecological values and a research deficit concerning mangroves 

of Africa, Latin America and the Caribbean. To address some of these gaps this thesis also employed 

social valuation techniques in coastal communities on the Caribbean Coast of Honduras. The social 

valuation study demonstrated variation in stakeholder perceptions as to the importance of mangrove 

services amongst communities and that these were affected by community geographies, ultimately 

highlighting the importance of social considerations to avoid conflict when implementing 

management schemes. 
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Chapter 1 
 
 

General introduction 
 
 

1.1 Conservation biology 
The 20th century has seen a staggering increase in global population growth. In just 50 years the 

human population has grown from 3 to 7.5 billion and is estimated to reach 10 billion by 2050 (Van 

Bavel 2013). Ecosystems and their relative biodiversity are the foundation upon which human society 

has been built and human well-being is maintained. Nature and its resources are, and always have 

been, deeply rooted in our economy, societies and cultures. Despite our dependency on nature, we 

continue, in a somewhat paradoxical manner, to overexploit the ecosystems that have contributed 

so heavily to our development (M. Christie et al. 2012; Williams 2013; Johnson, Poulin, and Graham 

2003). Today, strong demographic pressures, such as intensive farming, pollution and 

overexploitation are causing the degradation and loss of the ecosystems at a rate meaning that they 

will not be capable of sustaining us in the future (M. Christie et al. 2012; Williams 2013; Johnson, 

Poulin, and Graham 2003). Reports indicate that we are on the cusp of entering the preliminary 

stages of the planets 6th mass extinction event and although sceptics might argue that these events 

are a natural occurrence, with 5–20% of the species in many groups already extinct, todays species 

are disappearing at a rate 1000 times faster than pre-human rates (Wake and Vredenburg 2008; 

Dirzo and Raven 2003; Chapin et al. 2000; Pimm et al. 2014). We continue to make untenable 

demands of the earths ecosystems and this, in combination with our on-going, exponential growth, 

means we need to look to more sustainable practises to conserve what we have. 

 
Conservation science, originally defined by Soule (1985), is the crisis discipline synthesised to 

provide the guidance and tools with which to achieve this goal. Traditional approaches to 

conservation typically involve the procurement of land to be set aside for protection and management 

as protected areas (PAs), such as national parks or marine protected areas (Adams, Aveling, and 

Brockington 2004; Muhumuza and Balkwill 2013; Bonilla-Moheno and García-Frapolli 2012). Many 

of these protected areas are managed as ‘no-take’ zones (P. Christie 2004) where direct use of 

natural resources in the area become prohibited and human activity is excluded, sometimes with the 

exception of tourism (Hughes and Flintan 2001; Muhumuza and Balkwill 2013). Recent reports by 

the United Nations Environmental Program (UNEP) and the International Union for Conservation of 

Nature (IUCN) indicate that The World Database of Protected Areas (WDPA) currently includes more 

than 209,429 sites, which is summative to a total of 32,868,673 km2 of natural space  (Hlaváčková 

and Palaghianu 2015). This traditional, preservationist approach has undeniably made significant 

contributions to safeguarding natural spaces however recent reports biodiversity is in fact still being 

lost from PAs (P. Christie 2004). This represents a failure by traditional, preservationist approaches 

to halt and reverse the issue of biodiversity decline (P. Christie 2004; Shorb 2016; Muhumuza and 

Balkwill 2013). An issue with traditional methods is that they assume a degree of optimism and 

simplicity with regards to the problem of conservation. Theoretically, prohibition of land and resource 

use in an area of concern would stop degradation and thus secure the area for the future. In reality, 
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there is a suite of socio-economic and political variables involved that traditional approaches fail to 

acknowledge. PAs prevent land use and have a high opportunity cost for local people (Norton- 

Griffiths and Southey 1995). With the highest levels of biodiversity situated in the least developed 

countries (LDCs) this poses a problem as PAs take resources and options for land use away from 

those who have the greatest immediate dependency on them (P. Christie 2004; Adams, Aveling, and 

Brockington 2004; Norton-Griffiths and Southey 1995; Williams 2013). Traditional methods have thus 

failed to consider and adapt to what we already know are some of most influential drivers of 

environmental problems (Small, Munday, and Durance 2017; Erik Gómez-Baggethun et al. 2010). 

 
Conservation is a complex, multi-level problem composed of various socio-economic and political 

dimensions, however in addressing ecological concerns the policy spheres of ecology, sociology and 

economics remain for the most part segregated (Johnson, Poulin, and Graham 2003; Erik Gómez- 

Baggethun et al. 2010). It is becoming increasingly acknowledged that the conservation problem is 

in need of integrated approaches toward solutions (Johnson, Poulin, and Graham 2003; Carter, 

Schmidt, and Hirons 2015; J. Reed et al. 2016). Integrated approaches are considered those that 

combine scientific methods and societal values and aspire to combine social development with 

conservation goals (Carter, Schmidt, and Hirons 2015; Hughes and Flintan 2001). The concept 

emerged during the 1980s as an alternative to conventional conservation approaches and was 

highlighted as a necessary step for global conservation and sustainability by world leaders and 

international institutions in the Millennium Ecosystem Assessment (MEA 2005). The UN MDGs are 

premised on such integration, with the area of land protected to maintain biological diversity being 

an indicator of performance against MDG Goal 7 (Likens and Lindenmayer 2012; M. S. Reed, Fraser, 

and Dougill 2006). With a growing population, it is crucial that conservation efforts work with 

development rather than against it. However, to do this we need to understand the human-nature 

relationship (Erik Gómez-Baggethun et al. 2010; Folke 2006). 

 

1.2 The ecosystem services concept 

The ecosystem service concept (ESC) provides a framework with which to examine the human- 

nature relationship for use in creating integrated approaches to conservation (Erik Gómez- 

Baggethun et al. 2010; Folke 2006). The ESC uses a utilitarian perspective in framing ecosystem 

functions as ecosystem services (ES) or “the processes and conditions of natural ecosystems that 

support human activity and sustain human life’” (Chapin et al. 2000; Daily 1997). By looking at 

ecosystem function from this utilitarian angle, the ESC provides a vehicle for the integration of 

ecological considerations into common thinking (Chee 2004). ES are integral to human health, well- 

being as well as to the global economy yet they proceed largely without any recognition (Costanza 

et al. 1997). The concept thus acts as ideology to help bridge natural and social sciences with the 

objective of communicating the worth and importance of nature to stimulate increased interest in 

conservation (Braat and de Groot 2012)(Erik Gómez-Baggethun et al. 2010). Examples of ES can 

be found commonplace, integrated into our daily routines, providing some of our most basic needs 

and necessities. A popular, and particularly demonstrative example is that of insect pollination in 

agriculture (Vanbergen 2013). Pollination by insect’s accounts for 35% or a third of global food 

production, the majority of this being carried out by the Honeybee (Apis mellifera L.) (Allsopp et  al. 
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2008). Of course, the uses of crops are not limited to food production. Out of a total of 300 crops 

used commercially, 252 are pollinated by insects and used for biofuels, medicines, fodder, 

aesthetics, construction materials and raw substances (Allsopp et al. 2008). The economic value of 

crops affected by pollinators is between US$235 billion and US$577 billion per annum (IPBES 2016). 

Pollination and other ecosystem services are products of ecosystem function that serve to maintain, 

benefit and enhance the economy and human well-being (Daily 1997; Chapin et al. 2000). 

 
The notion that we as a society reap benefits from our surrounding environments is nothing new, 

however our understanding of this relationship and the potential, long-term effects of exploitative use 

are relatively modern (Lele et al. 2013). The early 1900’s saw a shift in attitudes toward and 

understanding of ecological concerns and with it slowly came the development of related policy and 

management. The ESC first emerged in the 1970s as “environmental services” (Wilson and 

Matthews 1970), a term designed to help conceptualize the relationship between humans and 

ecosystems (Abson and Termansen 2010; Braat and de Groot 2012). The concept underwent further 

development, emphasising a focus on the value of nature to society and eventually becoming the 

concept coined as “ecosystem services” in 1980s (Ehrlich and Mooney 1983; Lele et al. 2013). From 

here, the ESC gained considerable momentum and the 1990s the concept began to transcend the 

academic arena becoming heavily featured in the policy domain (Lele et al. 2013; Cornell 2011; Erik 

Gómez-Baggethun et al. 2010). In 1992, the ESC was adopted by the Convention on biological 

Diversity (Lele et al. 2013; Braat and de Groot 2012). The years to follow brought the development 

of frameworks which typed and identified different ES until its eventual integration into the Millennium 

Ecosystem assessment (MEA 2005), published in 2005. Becoming a component of the MEAs 

underlying framework placed the concept firmly within the international environmental policy agenda 

(Lele et al. 2013; Cornell 2011; Erik Gómez-Baggethun et al. 2010). Concurrently, changes in the 

field of economics were giving rise to a suite of novel cross-disciplinary methods and techniques that 

would aid in better investigating the paradigm (Lele et al. 2013; Cornell 2011; Erik Gómez-Baggethun 

et al. 2010). 

 
Today, many frameworks and definitions exist in relation to the ESC, however the classification 

framework used in the MEA (2005) has since become one of the most widely used (Fisher et al. 

2009). Here the ESC was delineated, giving rise to four main categories of ES described as follows: 

 
Provisioning: Services that directly provide usable material or energy outputs. Examples 

include medicinal recourses, raw materials, food and freshwater (TEEB 2010; MEA 2005). 

 
Regulating: Services that benefit us as a secondary effect of regulating ecosystem 

processes. Examples include the regulation of air quality, climate, water treatment, and 

erosion control (TEEB 2010; MEA 2005). 

 
Supporting: The services needed for the production and maintenance of all other 

ecosystem services. Examples include soil formation, nutrient cycling and refuge services 

(TEEB 2010; MEA 2005). 
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Cultural: The services that provide non-material benefits to people. Examples include 

spiritual enrichment, cognitive development, and aesthetics experience (TEEB 2010; MEA 

2005). 

 

1.3 The Tragedy of the Commons 
Despite their contribution to our well-being, societies and economy, the degradation of ecosystems 

and the loss of biodiversity continue at unprecedented rates. In 2005, it was reported that 

approximately 60% of our global ecosystem services have been unsustainably used or degraded 

(MEA, 2005). The ways in which we perceive ecosystems have been influential in this. Ecosystems 

and their relative services can possess one of many property statuses. Land can be privately owned, 

publically owned, be common property or subject to international treaties or agreements (Turner 

&daily 2008). Many ecosystems, their services and natural resources are considered as common 

pool resources or public goods (Kretsch, Dijk, and Schleyer 2016; de Groot et al. 2012) and are 

defined by two main characteristics: (1) considered ‘non-excludable’ as individuals cannot be 

excluded from their use, and (2) ‘non-rival’ as consumption by a single individual does not reduce 

the service received by others (de Groot et al. 2012; Brander et al. 2012). These characteristics in 

combination with undefined property rights means that ecosystems become open-access resources 

leaving them vulnerable to a phenomenon called “a tragedy of the commons” first described by 

Hardin (1968)(Lant, Ruhl, and Kraft 2008). Hardin (1968) uses the metaphor of an English commons 

where farmers share pastureland (Lant, Ruhl, and Kraft 2008). As no users own the land, they do 

not incur the costs of its use meaning they are likely to over exploit it (Farley 2012). When the fund 

is degraded or destroyed (i.e., depreciates), it endangers not only the quantity and quality of future 

flows but also the viability of the fund itself, over exploited to the point of collapse (Lant, Ruhl, and 

Kraft 2008). Although his theories have been deemed over simplified, Hardin (1968) original 

message stands true, labeling ecosystem services as free and infinite is dangerous as we forget 

their value and take their presence for granted, promoting their exploitation as we fail to recognize 

their increasing scarcity (Kretsch, Dijk, and Schleyer 2016). In not appreciating ecosystem 

importance and worth we leave them undervalued, which in turn leaves them vulnerable to trade- 

offs (Farley 2008) against development concepts promising short term economic gain (Costanza, 

Farber, and Maxwell 1989; Primavera 1997; J. Reed et al. 2016) 

 

1.4 Mangroves and their ecosystem services 
Mangrove forests are a particularly illustrative example of how undervaluing ecosystems can lead to 

degradation. Mangroves are considered incredibly unique and productive ecosystems, providing 

multiple services vital to the well-being of local communities (Walters et al. 2008; Hussain and Badola 

2010) but also beneficial to societies at a national (Aburto-Oropeza et al. 2008; Anneboina and Kavi 

Kumar 2017) and even global scale (Costanza et al. 1997; Donato et al. 2011). Despite this, up until 

the late 1960’s, mangroves were largely considered marshy wastelands of little to no value (Lugo 

and Snedaker 1974; Carter, Schmidt, and Hirons 2015; Zhao and Wu 2013), leaving them vulnerable 

to conversion to alternate land uses (Rönnbäck 1999). Mangroves are defined as assortments of 

woody and salt tolerant trees and shrubs found to grow within estuaries and along coastlines in 
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tropical and subtropical regions (Tomlinson 1986; Kathiresan and Bingham 2001; T. Vo, Kuenzer, 

and Oppelt 2015). The term “mangrove” can be used to describe both the habitat, as well as its 

constituent trees (Duke 1992a). This plays a part in the common misconception that mangroves are 

a single species, when in fact mangrove trees are approximately 70 different species to around 20 

different families (Hogarth 2015). Conditions in the intertidal zone are harsh featuring high levels of 

salinity, a humid climate, strong winds, regular tidal flooding and anaerobic soils (Kathiresan and 

Bingham 2001). Despite being inhospitable to the majority of plant life this severe and varying 

environment provides the perfect precursors to mangrove formation (Duke 1992a). Their success 

here is owed to a myriad of highly specialised adaptations (Kathiresan and Bingham 2001; Lugo and 

Snedaker 1974). Duke (1992), notes some of the most unique, namely, branching aerial roots aiding 

in structural strength, upward growing roots (puemataphores) that facilitate respiration in anoxic 

muds, and salt excreting leaves allowing for life in hypersaline conditions (Hogarth 2015). 

Establishment in the intertidal zone depends on a variety of additional environmental conditions 

(Duke and Schmitt 2016; Schmitt and Duke 2014). Forest growth requires high air temperatures of 

above 20° with a seasonal range of 10°C, combined with shallow waters, contributed to by warm 

ocean currents and muddy substrate in areas that are protected from strong winds and that 

experience regular tidal influxes (Chapman 1984). These specifics are reflected in their distinctly 

circumtrophic distribution which rarely extends further than 30°N or 30°S from equator as is 

demonstrated in Figure 1.1 (Kathiresan and Bingham 2001; Hogarth 2015). Giri et al., (2011) notes 

a few exceptions to this rule examples being the mangroves in New Zealand (38°59’S) and Japan 

(31°22’N), although these coincide with warm ocean currents. Ocean currents limit mangrove 

distribution in such a way that the cooler waters between the Americas and Asia as well as those 

southward of Africa act as a natural barrier, which has resulted in two distinct biogoegraphical regions 

of occurrence (Lo, Duke, and Sun 2014); The Indo-west pacific region (IWP), which consists of Asia, 

Australia, Oceania and the Eastern coast of Africa, and Atlantic- Caribbean-East-Pacific (AECP) 

region which consists of the Americas and the West coast of Africa (Duke 1992a; Luther and 

Greenberg 2009). These regions differ in their species diversity with the IWP housing approximately 

three times as many genera as the AECP meaning that there are approximately 3 to 4 species per 

site in the AECP compared to 11 to 25 in IWP (Figure 1.1) (Hogarth 2015; Luther and Greenberg 

2009; Spalding 2010). Asia has the greatest extent of mangroves and New Guinea, Indonesia has 

the highest species diversity (Figure 1.1) (Giri et al. 2011). 

 
It has become widely acknowledged that mangroves provide multiple provisioning (e.g. timber, 

medicines and multiple-use fisheries; (Bandaranayake 1999; Walters et al. 2008; Aburto-Oropeza et 

al. 2008), regulating (e.g. storm protection, erosion control, climate regulation; (Donato et al. 

2011)(Das and Crépin 2013)(E. Barbier et al. 2011) supporting (e.g. nutrient cycling; (Hussain and 

Badola 2008; Feller et al. 2003) and cultural services (recreational, aesthetic and spiritual; Souza 

Queiroz, 2017) which support both terrestrial and marine ecosystems as well as human society and 

a range of levels. For detailed descriptions of the services that mangroves provide please see: 

(UNEP 2014) 



 

 
 
 

 

AEP IWP 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1.1. The global distribution of mangrove forests is split between two biogeographical regions of occurrence; The Indo-west pacific (IWP) and the 
Atlantic-Caribbean-East-Pacific (AECP) (Duke 1992a; Spalding 2010). Mangroves in the IWP region are distributed amongst Asia, Australia, Oceania and 
the Eastern coast of Africa where as AECP region constitutes the Americas and the West coast of Africa (Duke 1992b; Spalding 2010; Hogarth 2015). 
These regions differ primarily in their species diversity (IWP; ~65 species of 23 genera: AEP; ~15 species of 8 genera) (Duke, Ball, and Ellison 1998; Lo, 

Duke, and Sun 2014). Global mangrove cover is estimated at 137,760km2 (Giri et al. 2011) and distributed amongst 123 countries, the majority of which 
are still developing (Carter, Schmidt, and Hirons 2015). 
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1.5 Global decline 
Despite these benefits, mangroves are disappearing at a rate that exceeds the loss of our rainforests 

and coral reefs (Valiela, Bowen, and York 2001; Duke et al. 2007). Recent estimates place global 

cover at 137,760 km2 (Giri et al. 2011), meaning that more than one third of the world’s mangrove 

forests have been lost in the past 50 years (Valiela, Bowen, and York 2001; Alongi 2002). In addition 

to this, the remaining mangroves are not pristine; their degradation causing reduced functionality 

(UNEP 2014). Undervaluation of mangroves is believed to be an underlying driver of their decline 

(Dixon, Miller, and Hamilton 1989; Huxham, Emerton, and Kairo 2015; Rönnbäck 1999; E. B. Barbier 

et al. 2008). The many ecosystem services provided by mangroves are often ignored or forgotten in 

pursuit of development (Hussain and Badola 2005; Ruitenbeek 1994). Failure to recognize and 

account for the true value of their services means they are often vulnerable in land use decisions 

and cleared for alternative uses such as aquaculture, agriculture and coastal development which 

promise tangible, economic gain (E. Barbier 2007; Rönnbäck 1999). Additional pressures such as 

the over-exploitation of their resources, agricultural runoff and fragmentation by infrastructure 

development compound upon these threats (Thomas et al. 2017; Valiela, Bowen, and York 2001; 

Alongi 2002; Jiao et al. 2015; Godoy and Lacerda 2015; Blanco-Libreros and Estrada-Urrea 2015). 

Finally, concerns are growing with regards to potential threats to mangrove forests at the hand of 

increasing sea-levels resulting from climate change (Ward et al. 2016; Krauss et al. 2014; Godoy 

and Lacerda 2015) Under normal circumstances, mangroves are capable of adapting to sea-level 

changes through their ability to build up land (sediment accretion) by facilitating sediment 

deposition and peat accumulation (Krauss et al. 2014). It is the case however, that modern sea-

level rise is occurring at accelerated rates, meaning that mangrove forests may not be able to up 

(Ward et al. 2016; Krauss et al. 2014; Godoy and Lacerda 2015). 

 
1.6 The monetary valuation of ecosystem services 
Undervaluation becomes an issue in policy and decision making as these processes are usually 

driven by cost-benefit analyses within an economic framework (Farley 2008). In these, the costs and 

benefits of a development project (such as the implementation of an aquaculture pond) are weighed 

up against the current land use (for example a section of mangrove forest) (Farley 2008; Ruitenbeek 

1994; Gunawardena and Rowan 2005). Without true representation of their values ecosystems 

usually fall short to such projects, which often promise quick, short-term economic gain and 

employment prospects (Dixon, Miller, and Hamilton 1989; Huxham, Emerton, and Kairo 2015; 

Rönnbäck 1999; E. B. Barbier et al. 2008; Costanza et al. 1997; TEEB 2010). Lal, (2003), 

commented that “only when people incur the true economic costs of using natural resources will they 

have the incentives to limit their degradation and loss”. Mangroves provide a very illustrative example 

of how undervaluation can lead to ecosystem destruction and loss. Response to this issue prompted 

economists to develop various techniques with which monetary values could be assigned to 

ecosystem services in an approach called the monetary valuation of ecosystem services (Chee 2004; 

Spaninks and Beukering 1997). The “monetary valuation of ecosystem services” (MVES) is a tool 

that was developed alongside the ESC as a means of trying to communicate the values of nature in 

the common language of the public domain, policy and economics (de Groot et al. 2012; 

Gunawardena and Rowan 2005). The desired outcome of this process is that valuing ES in monetary 

terms could help better inform trade-offs against developments projects, encourage investment, 
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provide raise awareness and create justifications for protection that the public will appreciate (Braat 

and de Groot 2012; Daily et al. 2009; Erik Gómez-Baggethun et al. 2010; Laurans et al. 2013; 

Bateman et al. 2013). The fundamental roots of MVES emerged in the 1970s, with Schumacher, 

(1973) being the first to describe the worlds stocks of natural resources as “natural capital”. Shortly 

after, the 1980s witnessed the rise of the ESC within the academic arena, fuelling interest in 

estimating money values of ES (Lele et al. 2013). In 1997, a key paper by Costanza et al., (1997) 

“The value of the world’s ecosystem services and natural capital” estimated economic value of 17 

main ES to average 33 trillion dollars per year. The paper has heavily criticised (Schröter et al. 

2014; Chan et al. 2011; Ludwig 2000; McCauley 2006) however it succeeded in paving the way for 

a wealth of monetary valuation literature yet to come (Chee 2004; Spaninks and Beukering 1997). 

This, in combination with the adoption of the ESC into the millennium ecosystem assessment 

(MEA, 2005) have contributed to the rapid proliferation in literature concerning the topic. Adoption by 

the MEA took ESC into the policy agenda and took monetary valuation with it, resulting in the 

formulation of various international initiatives focusing on the concept and tools. In 2008, the United 

Nations Environmental Program (UNEP) released an international initiative called “The Economics 

of Ecosystems and Biodiversity” (TEEB 2010) initiative which brought the concept to the attention 

of scientists, policy- makers and practitioners alike (Costanza et al. 2014). 

 
Figure 1.2 demonstrates the different types of value identified by the initiative; these are designed to 

be aggregated for a total economic value (TEV) (TEEB 2010; Sukhdev 2008). Within this framework, 

ecosystems are considered to possess “use” and “non-use values”. Use values can directly benefit 

be of “direct use” value in that ecosystems provide uses that benefit populations directly (e.g. food, 

raw materials etc.) (TEEB 2010; Sukhdev 2008; Salem and Mercer 2012; Fisher et al. 2008), for 

example, through the provision of raw materials such as food and tannins. Otherwise direct use 

values can be used in non-consumptively, for example through recreation (TEEB 2010). Use values 

can also possess indirect, yielding benefits to society as by-products of normal ecosystem function 

through regulating services such as pollination or through supporting services like nutrient cycling 

(TEEB 2010; Gunawardena and Rowan 2005). Ecosystem services also possess a variety of non- 

use values, in that they provide non-material well-being though ethical, religious, historical or spiritual 

meaning (Chan et al. 2011; Milcu et al. 2013). They also hold value in our being able to use them 

and experience them in the future (TEEB 2010). Under the framework presented in TEEB, all of 

these values can be aggregated to work out an ecosystem Total economic value (TEV) using a 

variety of techniques designed by ecological economists (Chee 2004; Spaninks and Beukering 

1997), a summary of which is provided as follows. A detailed description of the techniques and their 

use in mangrove forests can be found in (Vo et al. 2012). 

 
1. Market based approaches: Direct and indirect use values are evaluated using market-based 

approaches as these services often exist in markets. For indirect values look at either change in 

productivity or cost-based values. 

 
a. Market-based approach techniques for direct use values 

i. Market price method, this involves assigning prices to environmental goods 

that are commonly traded based on their revenue in markets (Chee 2004; Q. T. 
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Vo et al. 2012; Fisher et al. 2008). 

ii.  Shadow pricing method, involves the use of proxy prices assigned to services 

when the true value is not being properly reflected due to distortions in the 

market. (Chee 2004; Q. T. Vo et al. 2012; Fisher et al. 2008). 

iii. Surrogate price method, this is used when the market price is not available. 

This can be determined through the barter/trade value, a substitute price, the 

opportunity cost or though indirect substitute prices (Chee 2004; Q. T. Vo et al. 

2012; Fisher et al. 2008). 

 
b. Market-based approach techniques for indirect use 

i. Net factor income approach, this attempts to value an ecosystem as a 

production line. It prices all inputs and the ecosystem is valued “as the gross 

income from the final product (Chee 2004; Q. T. Vo et al. 2012; Fisher et al. 

2008). 

ii. The production function approach is used where an ecosystem contributes 

to the production of other outputs. Changes in productivity of set outputs 

associated with changes in ecosystem area or quality can then estimate using 

the technique (Chee 2004; Q. T. Vo et al. 2012; Fisher et al. 2008). 

 

 

iii. Restoration/replacement cost looks at the costs of restoring a natural 
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ecosystem and its goods and services either by restoration or by replacement 

with man-made substitutes (Chee 2004; Q. T. Vo et al. 2012; Fisher et al. 2008). 

iv. Damage cost avoided looks at estimated costs of the damages that would 

happen if the ecosystem were to be lost (Chee 2004; Q. T. Vo et al. 2012; Fisher 

et al. 2008). 

 
2. Revealed preference approaches are used for certain non-use values. This uses 

revealed preference techniques, which involve estimations based on observation on 

individuals’ choices related to the ecosystem. 

 
i) Travel cost involves looking at the expenditures incurred by households or 

individuals involving the use of an ecosystem and uses these as an estimate of 

willingness to pay (WTP) (Chee 2004; Q. T. Vo et al. 2012; Fisher et al. 2008). 

 
ii) Hedonic pricing looks at the how services contribute the total market value or 

property price of an asset (Chee 2004; Q. T. Vo et al. 2012; Fisher et al. 2008). 

 
3. Simulated market approach is used for other non-use values. This involves the use of 

stated preference techniques, which look at the preferences individuals, give in response to 

hypothetical changes in the ecosystem and its services (Chee 2004; Q. T. Vo et al. 2012; 

Fisher et al. 2008).. 

 
i) Contingent valuation estimates economic values of services and environments 

by asking stakeholders to state their “willingness to pay” for its continues existence 

in a hypothetical scenario (Chee 2004; Q. T. Vo et al. 2012; Fisher et al. 2008). 

 
ii) Choice modelling estimates economic values of ecosystem or environmental 

services by asking people to make trade-offs among them; willingness to pay is 

inferred from trade-offs that include cost as an attribute (Chee, 2004; Fisher et al., 

2008; Vo et al., 2012). 

 
Payments for ecosystem services 

“Payments for ecosystem services” (PES) are a type of incentive scheme designed for the 

incorporation of monetary valuation methods and data. Wunder, (2006) defines PES as “voluntary 

and conditional transactions over well-defined ecosystem services between at least one supplier and 

one user”. PES schemes aim to provide payments for the management of services that are likely to 

aid in securing the provision of said services in the future, thus providing an incentive for actions that 

would have otherwise gone unrewarded (Wunder 2015; MEA 2005; Le Velly and Dutilly 2016; TEEB 

2010). The objective of PES schemes is to create a demand for desirable behaviour and use this 

market force as a driver to change undesirable behaviours and promote more sustainable outcomes 

(Farley and Costanza 2010; TEEB 2010; Fisher, Turner, and Morling 2009; Bulte et al. 2008). They 

present a useful management alternative for environments that may not be suitable for PAs may not 

be appropriate due to resource dependent communities and are thus theoretically well suited to non- 
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OECD (Fisher, Turner, and Morling 2009). In contrast to the majority of conditional cash transfer 

schemes, PES is designed to benefit the supplier and the buyer, as well as any other ES beneficiary 

(Le Velly and Dutilly 2016).This creates opportunities for win-win outcomes where by involving local 

stakeholders these schemes create the option to try and achieve both social and environmental 

objectives (Fisher and Christopher 2007). 

 
PES schemes can be applied at varying scales, (international, national, local) and can involve 

governments, companies and NGOs (Wunder 2015; Farley and Costanza 2010). Often touted as a 

“perfect” PES example, is the Vittel water shed PES scheme (Perrot-Maître 2006). After discovering 

that it’s water sources were becoming contaminated with nitrites resulting from nearby agricultural 

lands, the Vittel mineral water company set up a program in which farmers were paid to make their 

practices more sustainable (Perrot-Maître 2006; TEEB 2010; Bulte et al. 2008). Costa Rica has been 

labelled as a poster child for PES after developing the national “Pago por Servicios Ambientales” 

(PSA) scheme where landowners were rewarded for protecting forests and the services they provide 

(Locatelli, Imback, and Wunder 2014; Robalino and Pfaff 2013; Farley and Costanza 2010). The 

program has been praised for helping change perceptions of forests to something to be appreciated 

and reducing deforestation. 

 
Controversy and critique 

The monetary valuation of ES and related PES schemes has gained a lot of momentum over the 

past two decades (S. S. K. Scholte, van Teeffelen, and Verburg 2015; Lele et al. 2013; Cornell 2011). 

They have also attracted a lot of criticism and debate (McCauley 2006; Kosoy and Corbera 2010; 

Gomez-Baggethun and Ruiz-Perez 2011; Schröter et al. 2014). Concerns about the tool and its 

application are generally focussed around fears related commodification and potential ways in which 

the process might impact conservation (Friess and Thompson 2016; Kosoy and Corbera 2010; 

Gomez-Baggethun and Ruiz-Perez 2011). Commodification is the process by which resources (in 

this case ES) that would not previously be considered tradable are entered into the market domain 

and become considered as commodities (Kosoy and Corbera 2010; Gomez-Baggethun and Ruiz- 

Perez 2011). There are 4 stages to commodification, these do not need to happen in this order and 

do not necessarily happen one by one but provide an angle within which to examine the criticism 

related to the tool (Kosoy and Corbera 2010; Gomez-Baggethun and Ruiz-Perez 2011; Schröter et 

al. 2014) 

 
The first stage of commodification involves the economic framing of resources that would not have 

previously been perceived in such a manner. With regards to the commodification of nature, this 

stage commences with the application of the ESC framework. Many authors have expressed 

concerns of multiple ethical issues with the ESC. Many believe the concept is overly anthropocentric, 

stating that a biocentrism (McCauley 2006; Redford and Adams 2009). Many also condemn the 

utilitarian framing of the concept stating that it fails to acknowledge ignore the important, intrinsic 

values of nature that are independent of our wellbeing (Sagoff 2008; McCauley 2006; Gomez- 

Baggethun and Ruiz-Perez 2011). Critics say that such a view will skew perceptions of the human- 

nature relationship and resultantly undermine moral reasoning for conservation in a way that may be 

counterproductive toward conservation efforts in the long run and further distancing people from 
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nature (Kallis, Gómez-Baggethun, and Zografos 2013; Gomez-Baggethun and Ruiz-Perez 2011; 

McCauley 2006; Schröter et al. 2014). 

 

The second stage involves the monetizing or pricing of said resources, which is achieved through 

the use of monetary valuation. Again, MVES raises various ethical arguments regarding what should 

and should not be sold, with some authors stating that the process blurs the line as to where valuation 

is and is not appropriate. There are fears that what may have been intended as a conservation tool 

may result in a practical guide on how to cash ES as commodities on markers (Erik Gómez- 

Baggethun et al. 2010). Kosoy and Corbera, (2010) argue that encouraging such a mind-set may 

result in the phenomena known as “commodity fetishism” causing ES to be considered ‘mere’ 

commodities, which could be counterproductive in conservation. Several authors also raise more 

practical concerns regarding the reliability or accuracy of monetary valuation techniques that some 

fear could be either over or under pricing (Kosoy and Corbera 2010; Gomez-Baggethun and Ruiz- 

Perez 2011; Schröter et al. 2014; Small, Munday, and Durance 2017). 

 
The third stage, appropriation involves the assigning of property rights to land that may have 

previously been open access, public or communal property (Gomez-Baggethun and Ruiz-Perez 

2011). Some fear that this could cause equity issues amongst stakeholders as this stage often comes 

coupled with privatisation (Costanza et al. 2014), which could leave resources accessible only to 

those with purchasing power and induce competition in societies previously structured upon 

community and reciprocity values (Gomez-Baggethun and Ruiz-Perez 2011). 

 
The fourth stage involves commercialisation where markets are set up in which to trade these 

resources. The concerns raised regarding commercialisation of ES mirror those mentioned above. 

Additional concerns relate to the instability of markets and their vulnerability to exploitation. Some 

fear that ES markets could work against biodiversity conservation as efforts to maximise production 

or recreate function of ES may result in “homogeneity” amongst ecosystems (Kosoy and Corbera 

2010; Leimona et al. 2015). Chee, (2004) argues that the level of supporting legislation and other 

prerequisites to successful markers are too much for commercialisation to even be possible (Laurans 

et al. 2013; Gomez-Baggethun and Ruiz-Perez 2011; Schröter et al. 2014). 

 
1.7 Non-monetary valuation 
The rapid rate with which monetary valuation was adopted into the political and academic arenas 

has largely over shadowed other forms of valuation and become considered the conventional 

approach (Kenter et al. 2015). The general term valuation is now associated with pricing ES rather 

than the broad process of applying values (Norgaard 2010; M. Christie et al. 2012). Some authors 

fear that this has blocked the potential for other social scientific methods (S. Scholte, van Teeffelen, 

and Verburg 2015). Monetary valuation is very illustrative but there are many services that are not 

easily translated into economic terms, which means they often get left out of traditional economic 

frameworks (Small, Munday, and Durance 2017; Chan et al. 2012, 2011). Yet, it is often these less 

tangible ecosystem services that shape societies, cultures, welfare, and often drive environmental 

change (Small, Munday, and Durance 2017). The ESC offers an interdisciplinary approach however 

when coupled solely with MVES the resulting findings and values are rather one-dimensional (Kenter 
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et al. 2015). The CBD however encourages decision makers and researchers alike to the Parties 

consider “economic, social, cultural, and ethical valuation in the development of relevant incentive 

measures” (CBD 2003; E. Gómez-Baggethun et al. 2014). Non-monetary valuation (NMV) examines 

“the importance, preferences or demands expressed by people towards nature, and articulates plural 

values through different quantitative and qualitative measure other than money” (Chan et kal., 2011; 

Kelemen et al., 2014; Kenter et al., 2015). NMV focuses on the human expressions of preferences, 

exploring the beliefs, motivations and socio-demographic factors that influence individual and social 

choices in ES management, which helps identify potential intervention points to present 

unsustainable practices (Small, Munday, and Durance 2017; Kenter et al. 2015; M. Christie et al. 

2012; E. Gómez-Baggethun et al. 2014; Chan et al. 2012, 2011). These participatory approaches to 

environmental valuation and are becoming increasingly advocated as a way to include the 

multidimensionality of value within decision-making (Chan et al., 2011, 2012; Christie et al., 2012; 

Gómez-Baggethun et al., 2014; Kenter et al., 2015; Small, Munday and Durance, 2017).cThe 

methods by which to carry out NMV (i.e. surveys, interviews) involve, participatory and deliberative 

tools, such as focus groups, citizens juries, participatory or rapid rural appraisal (PRA/RRA), Delphi 

panels, etc.), as well as methods expressing preferences in non-monetary but quantifiable terms (i.e. 

preference assessment, time use studies, Q-methodology) (Kenter et al. 2015; M. Christie et al. 

2012). It is important to remember that NMV methods are not meant to serve as an alternative, but 

rather as a complement to current, monetary forms of ES valuation for movements toward an 

integrated valuation framework (E. Gómez-Baggethun et al. 2014; S. Scholte, van Teeffelen, and 

Verburg 2015) 

 
1.8 Project aims 

The objective of this thesis was to the Ecosystem Service Concept and the Valuation of Ecosystem 

Services with regards to their application in mangrove ecosystems and examine the potential and 

limitations of this tool in implementing integrated approaches to mangrove management. 

 
Chapter 2 Provides a review of all reports of monetary values to mangrove ecosystems or 

their services to identify potential trends and gaps and ultimately provide an update as to the 

state of said literature. 

 
Chapter 3 Showcases the utilisation of social valuation in assessing the values of mangrove 

services to four coastal communities along the Caribbean Coast of Honduras. This study 

examines the perceptions of importance attributed to mangroves and their services in this 

region. 

 
Chapter 4 provides a discussion of the results overall and their implications for use of this 

tool in mangrove management. 
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Chapter 2 
 
 

The monetary valuation of mangrove services: A review of the literature 
 
 

Abstract 

Mangroves are becoming increasingly recognized as highly productive ecosystems, delivering a 

variety of services vital in supporting coastal communities, national economies and adjacent 

ecosystems. The monetary valuation of ecosystem services (MVES) has become a popular means 

of communicating the importance of ecosystems to society. Over the past decade use of MVES has 

gained considerable momentum, and several studies have reported its use in mangrove systems. 

Here we provide an extensive review of publications reporting monetary values mangrove forests 

and services, examining the prevalence of MVES in the literature, geographical locations of the sites 

studied, types of services described, the methods used and the ways in MVES has been employed. 

This review provides aims to update our knowledge of MVES used in mangroves and to supplement 

information collected in earlier meta-analyses. Here we identify gaps in our knowledge concerning 

the mangroves of Africa and the Americas and our knowledge of cultural mangrove services. The 

gaps highlighted in this study are discussed in light of limitations to MVES as a tool as discussed in 

the wider valuation literature. 

 
2.1 Introduction 

Mangrove forests are defined as a collection of woody, salt-tolerant trees and shrubs that occur on 

tropical and subtropical coastlines, approximately 30N and 30S of the equator (Tomlinson 1994; 

Mark Spalding 2010; Hogarth 2015). The global extent of mangrove coverage is estimated at 

137,760km2 (Giri et al. 2011) and is distributed amongst 123, primarily developing countries 

however approximately 75% of this is distributed amongst just 15 (Mark Spalding 2010; Carter, 

Schmidt, and Hirons 2015). The mangrove forests that inhabit the Asian continent account for 

approximately 42% of global cover (Giri et al. 2011). The Americas and the Caribbean then possess 

the second greatest extent of cover (26%) followed by Africa (20%) and Oceania (12%) (Giri et al. 

2011). Global distribution is split between two distinct biogeographical regions of occurrence; The 

Indo-west pacific (IWP) and the Atlantic-Caribbean-East-Pacific (AECP) (Duke 1992) differing 

primarily in their species diversity (IWP; ~65 species of 23 genera: AEP; ~15 species of 8 genera) 

(Duke, Ball, and Ellison 1998; Lo, Duke, and Sun 2014). Mangroves in the IWP region are 

distributed amongst Asia, Australia, Oceania and the Eastern coast of Africa where as AECP region 

constitutes the Americas and the West coast of Africa (Duke 1992; Mark Spalding 2010; Hogarth 

2015). Until relatively recently mangrove forests were widely considered as unimportant wastelands 

(Lugo and Snedaker 1974; Lugo, Medina, and McGinley 2014; E. Barbier, Strand, and Sathirathai 

2002), however they are becoming increasingly recognized (Mark Spalding 2010) as one of the 

world’s most productive ecosystems, capable of delivering a variety of services, vital in supporting 

coastal communities (Walters et al. 2008; Hussain and Badola 2010; Abdullah, Said, and Omar 

2014), national economies (Costanza et al. 1997) and adjacent ecosystems (Mumby et al. 2004; 

Nagelkerken et al. 2008; Anneboina and Kavi Kumar 2017). 
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As is the case for all ecosystems, the existence of mangrove forests depends on their capacity to 

undergo and maintain the flow of various ecological functions and processes, that provide benefits 

to and support constituent species and associated ecosystems (Alho 2008). Many of said benefits 

extend to human populations and have provided the foundation for our societies. What makes 

mangrove forests unique however is the sheer scale to which said benefits extend, because as a 

secondary effect of their maintenance, mangroves (independent of its associated ecosystems) are 

believed to support and benefit upward of 210million people (UNEP 2014). The means by which 

these benefits are delivered to humans by nature are becoming increasingly referred to as ecosystem 

services (ES) a term of utilitarian connotations (Small, Munday, and Durance 2017; Fisher, Turner, 

and Morling 2009; Lele et al. 2013), designed to demonstrate and communicate human dependency 

on nature and highlight societal support by ecosystems (Daily 1997; Braat and de Groot 2012). Of 

course acknowledgement of the human-nature relationship is nothing new (Ingram, Redford, and 

Watson 2012), however the origins of the modern Ecosystem Service Concept (ESC) date back to 

the 1970s (Wilson and Matthews 1970; P. R. Ehrlich and Mooney 1983). Seminal works by Daily 

(1997) and Costanza et al., (1997) fostered significant interest in the concept and today the concept 

has become widely adopted into academic and political arenas as a framework with which to 

approach issues of resource management and environmental conservation (Lele et al. 2013; Ingram, 

Redford, and Watson 2012; Polasky, Tallis, and Reyers 2015; Kull, de Sartre, and Castro-Larranaga 

2015). The concept was a fundamental component of the Millennium Ecosystem Assessment 

released in 2005 (MEA 2005; Watson et al. 2005) where it reached a wider audience and gained 

attentions from being used by scientists, policy makers and practitioners alike (Lele et al. 2013). 

Under the MEA (2005) framework, ES were categorized into provisioning, supporting, regulating and 

cultural services (MEA 2005). 

 
Research concerning mangroves has gained considerable momentum in recent years (Lee et al. 

2014), and it has become increasingly acknowledged that mangroves provide a variety of 

provisioning (e.g. timber, medicines and multiple-use fisheries; (Bandaranayake 1999; Walters et al. 

2008; Aburto-Oropeza et al. 2008), regulation (e.g. storm protection, erosion control, climate (Donato 

et al. 2011; Das and Crépin 2013; E. Barbier et al. 2011); support (e.g. nutrient cycling; (Hussain and 

Badola 2008; Feller et al. 2003) and cultural services (recreational, aesthetic and spiritual; (Queiroz 

et al. 2017) which support both adjacent ecosystems (Harborne et al. 2006) and coastal communities 

(Walters et al. 2008). Despite their ecological, social and economic significance however mangrove 

loss is occurring at rates that exceed the losses of tropical rainforests and coral reefs (Valiela, Bowen, 

and York 2001). Globally, mangroves are becoming increasingly threatened by human 

encroachment and associated anthropogenic pressures (Lugo 2002; Thomas et al. 2017). The 

primary threats facing these forests are mass conversion to alternative land uses (e.g. for 

aquaculture, agriculture, coastal development) and the unsustainable use of their resources (Alongi 

2002; Polidoro et al. 2010; Thomas et al. 2017). These threats are further added to by increasing 

anthropocentric pressures and potential effects of climate-change (Ward et al. 2016; Krauss et al. 

2014). 
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‘Undervaluation’, or our failure to recognize the true value of mangroves or is thought to be an 

underlying driver of their decline (Dixon, Miller, and Hamilton 1989; Huxham, Emerton, and Kairo 

2015; Rönnbäck 1999; E. B. Barbier et al. 2008). The services mangroves provide, are often 

considered to be “public goods” which are characterised by (1) the inability to exclude stakeholders 

from their benefits and (2) that use of said benefits by one stakeholder does not reduce the benefits 

received by the next (de Groot et al. 2012; Brander et al. 2012). Development decisions are often 

made within a financial framework, using tools such as cost-benefit analyses (CBA) that look to 

maximise net-(economic) benefit (Farley 2008). Public goods possess values that exist outside of 

this framework, inconsistent with the valuation norms used in traditional markets (Costanza et al. 

1997; TEEB 2010). Public good characteristics thus present problems for mangroves when they are 

being compared to land-use alternatives as these values are often ignored or forgotten in public 

decision making (Costanza et al. 1997; E. Barbier 2007; J. Ruitenbeek 1994; Hoang Tri, Adger, and 

Kelly 1998). This leaves ecosystems like mangroves unfairly represented, and thus undervalued 

against opportunities that promise the more tangible prospect of economic gain (Costanza et al. 

1997; TEEB 2010). As a result, mangroves become vulnerable to conversion to land use alternatives 

such as shrimp farms, agricultural lands or coastal development (E. Barbier 2007; Rönnbäck 1999). 

 
Discussions of undervaluation as a driver of ecosystem decline has prompted response by 

economists to develop a suite of techniques with which to assign monetary values to ES (Spaninks 

and Beukering 1997; Chee 2004; Costanza et al. 2014; Daily 1997), an approach called the 

“monetary or economic valuation of ecosystem services” (MVES). The tool (MVES) finds justification 

in that the translation of ES value into monetary terms could aid in communicating their importance 

to society and thus foster proper accounting for ecosystem loss and help in better allocation of 

management resources (Farley 2008, 2012; Daily et al. 2009; de Groot et al. 2012). An extension of 

the ESC, this tool and the ESC framework both gained considerable momentum following an attempt 

Costanza et al. (1997) to derive a global value of ES. causing a surge of interest in ESV and attempts 

by many to develop and refine the concept and associated techniques (Chee 2004; Vo et al. 2012). 

Typically, the economic valuation of ecosystems is carried out using a total economic valuation 

framework (TEV) where the direct and indirect use values of ecosystem services are calculated, 

along with and the non-use values of said system and aggregated to give an overarching monetary 

value (Spaninks and Beukering 1997; de Groot et al. 2012; Chee 2004). Use values are those that 

have an instrumental value to beneficiaries, and are separated into those that are directly consumed 

by stakeholders (e.g. food, fuelwood etc.) and those that indirectly benefit stakeholders (e.g. storm 

protection of communities as a function of its existence on shores)(Spaninks and Beukering 1997; 

Malik, Fensholt, and Mertz 2015). Direct use values are typically measured using the Market price 

(MP) method, where their monetary value is determined based on their total revenue or worth in the 

market (Salem and Mercer 2012; Chee 2004). The indirect values of ES are harder to assess as 

they do not have existing markets (Spaninks and Van Beukering 1997; Sukhdev 2008). The 

production function (PF) approach derives the value of a service by considering it a factor input to 

resource production, and using the value of changes in production that arise in its presence or lack 

thereof, as an indicator of its economic worth (E. Barbier 2007; Salem and Mercer 2012). The 

replacement cost method (RC) measures the value of an ecosystem service by calculating the 
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expected costs of its substitution with man-made alternatives (e.g. storm, protection vs storm barrier) 

(Spaninks and Beukering 1997; Chee 2004; Salem and Mercer 2012). The damage-cost avoided 

method (DA) works by a similar theory but instead calculates the economic value of what could be 

lost if the service were not available (Salem and Mercer 2012; Chee 2004). At present, the 

Contingent valuation method (CVM), is the only technique in place to value non-use values, and 

involves asking stakeholders about their willingness-to-pay (WTP) or willingness-to-accept (WTA) to 

maintain services (Fisher, Turner, and Morling 2009; Salem and Mercer 2012). Travel cost (TC) looks 

at recreation value of ecosystems by looking at amount people spend on visiting ecosystems, or how 

much is lost when that ecosystem is no more (Salem and Mercer 2012). Finally, the benefit transfer 

(BT) method uses values derived in studies and applying them to other ecosystems (Chee 2004; 

Spaninks and Van Beukering 1997). 

 
The use of MVES as a tool in measuring the values of ecosystems has attracted significant criticism 

(Lele et al. 2013; Schröter et al. 2014; McCauley 2006). Many authors have expressed concerns 

regarding the tools potential to lead way for the privatization/commodification of nature (Kosoy and 

Corbera 2010; Lele et al. 2013; Gómez-Baggethun et al. 2010; Gomez-Baggethun and Ruiz-Perez 

2011; McCauley 2006), some question the accuracy of the techniques used (Chee 2004; Schmidt, 

Manceur, and Seppelt 2016; Spangenberg and Settele 2010), and others point out only a small 

portion of the values offered by ecosystems can be represented in monetary terms (Christie et al. 

2012; Kelemen et al. 2014; Small, Munday, and Durance 2017). Several papers have been produced 

with regards to the different economic values of mangrove services and this study aims to review the 

literature in light of the aforementioned criticisms. Several studies have derived economic values for 

single services (e.g. wind attenuation)(see for example: Aburto-Oropeza et al. 2008; Das and Crépin 

2013), others have attempted to derive monetary values for entire mangrove forests (see for 

example: Hema and Devi 2015; Bennett and Reynolds 1993). A study by Malik, Fensholt and Mertz, 

(2015) directly compared the net-benefit of a mangrove to a shrimp pond as a demonstration of 

MVES in a cost-benefit analyses context. At present, three other studies have provided large-scale, 

summative reviews of the mangrove valuation literature; Brander et al., (2012) completed a meta- 

analysis and benefit transfer to estimate the economic value of mangrove services in Southeast Asia; 

Salem and Mercer, (2012) also used meta-regression analysis, investigating instead from a global 

perspective, examining possible interactions between the values of different mangrove service type. 

The most recent publication by Mukherjee, Sutherland, Dicks, et al., (2014) employed expert based 

participatory approach to examine how mangrove services of reportedly high economic values, 

matched up to their values as determined by expert opinion. 

 
2.2 Aims and Objectives 

The aim of paper is to review all literature reporting economic values of mangrove services as a 

means of updating our knowledge of MVES use in mangrove systems, identifying potential trends or 

gaps in the literature and examining use of this tool in mangroves in light of current discourse 

surrounding the topic. 
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2.3 Methodology 
 
 

Data collection and analysis 

The data used in this study was collected using a bibliometric search with search engines, ISI web 

of knowledge and Google scholar. Literature searches were conducted using the following keywords, 

“mangrove”, “forest”, “system”, “ecosystem”, “services”, “economic”, “monetary”, “value” and 

“valuation” in all possible combinations. Initial searches revealed two pre-existing databases of 

collaborated literature concerning ecosystem service: “The TEEB valuation database” (TEEB 2010) 

and the MESP database” (http://www.marineecosystemservices.org/databases). The TEEB 

valuation database was developed alongside the TEEB-project by UNEP and contains a total of 1350 

ecosystem valuations from over 300 case studies pertaining to a variety of different ecosystems. The 

mangrove valuations in this database displayed a range of publishing years of 1982 to 2009 (TEEB 

2010). The MESP database, is a collection of marine service valuations available online and 

represents an extension of the TEEB database. Literature from the MESP database added mangrove 

service valuation studies of publishing years up to 2015. Mangrove valuation reports published 

outside of these ranges were identified by the bibliometric search as were several additional studies 

not included in the databases. Publications from both the peer-review and ‘grey’ literature (i.e. policy 

documents, working papers, management reports) were considered for inclusion in this study. 

Publications were selected for inclusion in the study if they contained primary reports of an economic 

pertaining to mangrove services or a mangrove ecosystem specifically and met the following criteria: 

. 

a. Value was originally derived in the paper 

b. Value was reported in monetary units, 

c. Value was derived using monetary valuation techniques 

d. Study was concerning mangrove ecosystems or mangrove ecosystem services 

e. Value was designated to mangroves or mangrove services as a single entity, 

independently of any other adjacent ecosystems. 

 
Any publications reporting the monetary values of mangrove services that did not fit said criterion 

were excluded and considered beyond the scope of this study. Attempts were made to find all primary 

studies and was not considered if not. Within these several studies were not clear with regards to 

where the study was carried out or what methods were used, these were removed. The list of studies 

included can be found in the supplementary material. The data collected was analysed at the various 

levels described in the following: 

 
Temporal distribution 

Both types of literature were analysed with regards to year published. The range of years in the data 

was 1982 until 2017. The data was plotted in a stacked bar chart by year with grey and peer-reviewed 

literature plotted separately. No literature was excluded for this analysis so a total of 92 was used. 
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Geographical distribution 

All literature was organised with regards to country of study site and mapped using QGIS as means 

of investigating whether global distribution of studies was in line with mangrove cover. The global 

distribution of mangrove valuation studies was analysed at two levels. First, the global distribution of 

the literature was analysed from the perspective of the two biogeographically defined regions of 

mangrove growth the Indo-west pacific (IWP) and the Atlantic East Pacific (AEP). Then, the literature 

was analysed at the regional level. The regions chosen were grouped as follows: Asia (Asia, Middle 

east) Africa (Continental Africa and Madagascar), Americas (North, South, central and the 

Caribbean) and Oceania (Australia, New Zealand and the east pacific islands). Studies reporting 

global values or values derived by meta-analysis were excluded from this stage of analysis meaning 

a total of 75 studies were included. 

 
Mangrove services reported 

Mangrove services reported in the literature were examined at three levels; Service category, value 

type and service type. The service categories examined were those defined by the MEA; 

provisioning, supporting, regulatory and cultural (full definitions of these can be found chapter 1). 

The literature was the examined by all service types reportedly offered by mangrove systems (See 

list). Inconsistencies with regards to service descriptions were prevalent throughout the literature. 

Several publications reported values for services using alternative terminology (e.g. Subsistence 

fisheries, capture fisheries, on-shore fisheries) so these were aggregated under a single descriptor. 

Other publications reported values of aggregated services (e.g. Fishery service: combined value of 

all fishery benefits at the site), so all publications reporting a similar service were aggregated into 

an overarching service. Papers reporting values of non-fish forestry products and raw materials 

(e.g. honey, timber, charcoal) were grouped into “Forestry product”. Publications reporting values 

related to subsistence fisheries or small capture fisheries that provided livelihoods to coastal 

communities were grouped under the “subsistence fishery” service. Any values reported with 

regards to a service category that did not specify the component services measured to derive the 

value were grouped under the related service category as provisioning services were groups as 

“Unspecified”. Papers reporting values concerning the indirect benefits of habitat, refuge or nursery 

service were grouped into “Nursery function”. Studies reporting measurements pertaining to option 

values of natural resources were grouped under “Biodiversity” whereas any reporting stakeholder 

will to aid in conserving biodiversity were grouped into the “conservation” group. Papers reporting 

the economic values of mangrove services related to nutrient cycling grouped under “soil quality”. 

Papers reporting values with regards to the protective capacity mangroves against wave energy, 

wind, hurricanes, tsunamis or generalised extreme events were grouped at “storm protection”. 

Studies reporting values as to pollution regulation or sediment trapping were grouped into the “Water 

quality” service. The “Carbon sequestration” service category pertained to any valuation studies 

reporting the economic value of a carbon stock in mangrove forests. Papers reporting any non-

monetary values or alternative measurements of mangrove carbon stocks were considered beyond 

the scope of this study and therefore not included. Any papers reporting valuations of the 

contributions of mangrove forests to academic spheres were grouped as “Research and 

education”. Finally, studies reporting economic contributions of mangroves to the tourism sector 



34  

were grouped under “Tourism and recreation”. The aim of this part of the analysis was determine 

which services were most prevalent in the valuation literature so any studies reporting a TEV were 

deconstructed by service and those that could not be were excluded as were the meta-analytic 

studies.  In total 89 of the overall 92 studies were used in this part of the analysis. 

 
Methods of assessment 

In order to assess the use of ESV in the mangrove literature, the publications collected were analysed 

at two levels. First, the literature was examined with regards to the valuation techniques used in the 

study. Individual reports or observations were thus plotted with regards to the technique used. In 

addition to this, the studies collected were organised with regards to their use of MVES and an 

interdisciplinary tool. Papers were organised with regards to whether the tool was used exclusively 

or conjunction with tools from other disciplines. Publications using MVES independently of other 

methods were grouped under “Ec”. Publications using MVES in conjunction with social surveying 

methods were grouped under “EcS”, biological surveying methods under “EcB” and those using a 

combination of both were grouped as “EcBS”. In this study, social surveying methods were 

considered as those using approaches such as focus groups, ranking systems to evaluate the social 

value of the mangrove services being examined. In this context, biological methods were considered 

as those that assessed mangrove coverage delivering the ecosystem services being studied. A total 

of 75 publications were involved in this part of the analysis. 

 
2.4 Results 
Collection of literature using the described criterion, compiled a total of 92 papers. 50 of these were 

considered peer-revered and 42 were considered grey literature. 

 
Temporal effects 

A clear increasing trend in the amount of literature concerning the monetary valuation of mangrove 

services is present from 1982 through 2017. Primary literature has been showing a marked increase 

since 2008 (Figure 2.1). 54.3% of the total literature collected in the study was considered peer- 

reviewed literature and the remaining 45.7% was considered “grey” literature. When analysed 

separately, the peer-reviewed literature (blue) exhibits a more a gradual increase in amount 

published by year, peaking markedly in 2013, 2015, and 2017. In contrast, the amount of grey 

literature (red) published annually remains relatively stable over time, reaching highest around 1998, 

1999 and 2002 (figure 2.1). 

 
Global distribution of sites studied in the literature 

Cartographic representation of the countries in which mangrove valuation studies have occurred 

(Figure 2.2) demonstrates a notable gap in the literature with regards to where these studies have 

been carried out. A marked difference can be seen with regards to the quantity of publications 

released concerning mangrove forests of the AEP when compared to those of the IWP region; the 

differences in which are inconsistent with the differences in mangrove cover amongst these 

regions. Of the literature analysed in this part of the review, a total of 62 studies were found to 

report mangrove values concerning the mangroves of the IWP region, compared to just 13 studies 
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featuring mangrove ecosystems of the AEP region. This means that MVES studies concerning the 

mangroves of the IWP region account for 82.6% of the total literature, highlighting a significant 

deficit. When analysed at the regional level, Figure 2.2 demonstrates further disparity with  regards  

to  the continental regions present in the literature. The large majority of studies within this data set 

were found to pertain to mangrove inhabited countries in Asia and in total these studies accounted 

68% of the total literature examined. Of studies pertaining to Asia as a region, 65% of these were 

found to have reported values in Southeast Asia. The Americas region was found to have hosted 

the second greatest quantity of mangrove valuation studies, however studies in the region accounted 

for a significantly lower proportion of the literature with a total of 12 publications (16%). Studies 

reporting monetary values of mangrove services in Africa and Oceania thus account for 12.5% of 

the total literature. The literature bias toward Southeast Asia does not reflect global distribution of 

mangrove cover as several continents deemed underrepresented by this review house some of the 

world’s most extensive mangrove forests; this inconsistency will be detailed further in the 

discussion. This gap is also demonstrated at the country level. Studies concerning the mangroves in 

Thailand account for a greater proportion of the literature than any other, despite other countries in 

Southeast Asia (Indonesia, Malaysia, Burma) and in other regions (Australia, Brazil, Mexico) 

hosting considerably greater extents of mangrove forest.  (Figure 2.2). Despite also hosting a large 

proportion of the studies examined, the number of valuation studies carried out in Indonesia, 

Malaysia and the Philippines are significantly less than those carried out in Thailand. Studies 

concerning mangroves in Brazil constitute the total literature originating from South America, and 

although Brazil houses considerably more mangroves than its neighbouring countries, the fact 

remains that the other South American countries and the majority of the Caribbean (with their 

varied uses, threats and ecological conditions) remain unrepresented. 
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Figure 2.2 Global distribution of reported monetary valuation studies concerning mangrove forests or mangrove ecosystem services (n=75) throughout 
the AEP and IWP regions of mangrove distribution (green). Figures 21:A and 2.1B demonstrate value distribution across the Caribbean and Southeast 
Asia respectively, scaled up for clarity. 
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The most significant gap however appears to be that that concerning the countries in the African 

continent, where country coastlines to the West of continent are largely unreported. 

 
Distribution of different service types valued in the literature 

Of the four ecosystem service categories, the majority of values reported were those of the 

provisioning service category, followed by the supporting services, regulating service and the cultural 

services (Figure 2.3). In total, 81 observations were made with regards to mangrove provisioning 

services. Reports pertaining to the supporting and regulatory service categories were less prevalent 

in the literature, with 48 observations being reported in the supporting category and 52 in the 

regulatory category. Considerably fewer observation were made with regards to the cultural services 

of mangrove forests, with a total of 37 observations reported. 

With regards to the individual service type reported, the forest product service was the most widely 

featured in the literature, followed by the nursery function service, subsistence fishery service and 

then the shoreline protection service. Of the cultural service category, the majority of observations 

were made in relation to tourism and recreation values. Reports of the nutrient cycling, water quality 

and education services were limited. In relation to these valuation reports of the biodiversity service 

and conservation were prevalent however in comparison to those most widely studies these services 

are underrepresented. 
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Assessment method - Valuation techniques 

The results indicate variation in use of the different valuation techniques throughout the mangrove 

valuation literature (Figure 2.4). The market pricing (MP) method was the valuation technique used 

throughout the studies examined and accounted for a total of 53 observations. In comparison, the 

travel cost method (TC) was used the least throughout the literature and contributed toward just 3 

observations. Uses of the Replacement cost (RC) and Production function (PF) approaches were 

also prevalent throughout the literature, contributing 24 and 23 observations respectively, however 

reports using these methods were considerably less populous than those using the MP method. 

Equal amounts of reports were found to have used the Contingent valuation method (CVM) and the 

Benefit transfer method (BT). A total of 13 valuations were reported using the Damage-cost avoided 

(DA). Disregarding the extremes shown in the use of MP and TC, reports using the remaining 

methods are demonstrate a relatively even distribution across the different techniques. valuation 

methods used demonstrate a relatively even spread with regards to their use throughout the 

literature. These results indicate that a total of 99 value observations within the mangrove literature 

have been derived using methods applied in an indirect manner, compared to 53 that involved the 

direct application of monetary units. 
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Assessment method – Mode of employ 

Analysis of the literature with regards to how MVES was used in mangrove systems demonstrated 

that throughout the total literature MVES was more commonly employed in conjunction with 

alternative methods, than it was as an independent methods (Ec) (Figure 2.5). A combination of 

MVES and social surveying methods (EcS) was used in 58% of the literature examined and was thus 

the most prevalent mode of employ. EcS was used in 74% of the grey literature examined and 45% 

peer-reviewed literature. The Ec method was the second most popular mode of employ but was used 

considerably less than EcS, contributing to 21% of the total literature, 16% of the grey literature and 

25% of the peer-reviewed literature. When analysed by region of study, Ec use in the peer-reviewed 

literature is exclusive to studies carried out in Asia, whereas it has been used more broadly in the 

grey literature. Use of EcBS was less prevalent than the use of Ec in the literature, with studies using 

this mode of employ contributing to 13% of the total publications examined, and was found to be 

more prevalent in the peer-reviewed literature where it contributed 16% of the literature than in the 

grey literature where it contributed to 10% of the studies examined. Finally, EcB was the least popular 

mode of employ in the literature examined, contributing to 8% of the total literature. Interestingly, EcB 

use accounts for 17% of the peer-reviewed literature examined but is not present in the grey 

literature.  

 
Figure 2.5 Demonstration of MVES throughout the gray literature from Asia (i, n=18), Americas (ii, n=6). 
Oceania (iii, n=3) and Africa (iv, n =4), the peer-reviewed literature concerning Asia (v, n=33), Americas (vi, 
n=6). Oceania (vii, n=3) and Africa (viii, n=2) and the total of these in Asia (ix, n=51), Americas (x, n=12). 
Oceania (xi, n=6) and Africa (xii, n=6). MVES use as an independent method (Ec-Dark blue) was found less 
popular than MVES use in conjunction with other surveying methods. Use in conjunction social surveying 
methods (EcS-pink) was the most popular mode of employ, followed by Ec, then MVES in conjunction with 
biological monitoring methods and social surveying methods combined (EcBS-light blue). Use of MVES in 
conjunction with biological monitoring methods alone (EcB-green) was the least popular mode of employ. 
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2.5 Discussion 
 
 

Temporal effects 

Review of the literature in relation to year of publication has demonstrated a clear increasing trend 

regarding the quantity of studies employing ESV as a means of measuring mangrove service values 

in recent decades. The earliest report of economic values pertaining to mangrove services identified 

by this review was published in published in 1982. The valuation study Christensen (1982) was a 

publication pertaining to the grey literature group of this study and formed a component part of an 

FAO report concerning the uses and management of mangroves in Asia and the Pacific. The first 

use of ESV identified in the peer-reviewed literature was that by Bennett and Reynolds (1993) in 

which researchers valued the Sarawak Mangrove reserve in Malaysia. In the years prior to this peer- 

reviewed study however, several reports of monetary mangrove values were published in the grey 

literature. This result implies, that the application of economic values as an approach to measure 

mangrove resources is not a novel one and was already being employed by conservation 

practitioners several years before its emergence in the peer-reviewed literature. This finding is 

corroborated by commented others (Raum 2017; Ingram, Redford, and Watson 2012) who have 

indicated that MVES is not a new concept with regards to forest management but has previously 

been referred to using different terminology. Publication of the first peer-reviewed paper using MVES 

in a mangrove system is concurrent with the emergence of the natural capital concept (P. Ehrlich 

and Ehrlich 1992; Costanza and Daily 1992; Cornell 2011) and it is likely that this study was thus 

was influenced by the contemporary discourse. The prevalence of MVES in both the peer-reviewed 

and grey literature is shown to increase as of 1998 where additional interest is likely to have been 

driven by the release of certain key papers (Daily 1997; Costanza et al. 1997). The release of said 

key publications, in combination with discourse surrounding concepts of greening the economy 

(Pearce 1996) prevalent at the time (Cornell 2011) are thought to have contributed to the momentum 

with which the tool was adopted by the academic community (Lele et al. 2013; Cornell 2011; 

Costanza et al. 2014; Raum 2017). In the years to follow, interest in MVES would have been further 

fuelled by the integration of the ESC framework into the Millennium Ecosystem assessment (MEA 

2005) which was launched in 2000 (Lele et al. 2013; Costanza et al. 2014). The ESC and associated 

MVES were key components of the MEA (2005), which involved 1300 scientists and was 

implemented as a facilitating greater integration of environmental concerns into policy making 

(Costanza et al. 2014; Lele et al. 2013). The MEA (2005) was eventually published in 2005, bringing 

ESV and ESC to the attention of policy-makers (Costanza et al. 2014; Lele et al. 2013). The 

increasing trend found here is consistent with that observed by others who have reported the rise of 

mentions of the ESC in peer-reviewed literature (Vo et al. 2012; Farley 2012; Braat and de Groot 

2012). Reports utilizing MVES demonstrate a surge in numbers as of 2008 (Figure 2.1). This increase 

is concurrent with the release of TEEB or “The economics of ecosystems and biodiversity” initiative 

created by the United Nations Environment Program (TEEB 2010). TEEB (2010) was released in an 

attempt to standardize MVES efforts in order to aid the tools integration into decision –making and 

ultimately facilitate better accounting of ecosystem loss (Costanza et al. 2014). This report brought 

the ESC and ESV to a wider audience and further attracted the attention of ecologists, economists, 

politicians and practitioners. Overall, reports in the grey literature remain relatively stable from 2002, 
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which is likely a result of funding and capacity limitations experienced by conservation organisations. 

Reports in the peer-reviewed literature however, continue to increase gradually before experiencing 

a surge in interest in 2013 and 2015 (Figure 2.1). These are consistent with increasing interesting in 

interdisciplinary information and reports of the carbon sequestration capabilities of mangroves 

(Donato et al. 2011; Pendleton et al. 2012) making them important subjects of UNEP’s blue carbon 

initiative (Nellemann et al. 2009) that is currently gaining momentum. 

 
Spatial effects 

Mapping of the study sites visited in the mangrove valuation literature revealed several notable and 

significant geographic gaps in the literature. We have demonstrated a significant deficit of literature 

concerning mangrove forests in the AEP region in comparison to those in the IWP region. In addition, 

the literature concerning mangroves in the IWP region represents a strong bias toward countries in 

Southeast Asia, meaning that the other mangrove-inhabited countries in the IWP remain largely 

unrepresented. Mangrove forests inhabit 123 countries worldwide (Carter, Schmidt, and Hirons 

2015); Asia is known to possess the greatest extent of mangrove coverage, accounting for 42% of 

global forests, followed by the Americas which possesses 26%, Africa with 20% and Oceania with 

12% (Giri et al. 2011). A study by Giri et al. (2011) however, listed the 15 in possession of the greatest 

mangrove extent worldwide, the top 5 of which were evenly distributed amongst the regions 

analysed. The literature bias toward the IWP region and the mangroves of Southeast Asia is thus 

inconsistent with the distribution of mangrove cover and must be addressed accordingly. The bias 

towards Southeast Asia appears to be in large part accountable for the literature deficit concerning 

the AEP. Review of the literature revealed multiple, compounding factors that may have been causal 

in designating Southeast Asia as priority region for research and management. One overarching, 

factor is likely to have been the extensive degree of mangrove deforestation experienced in this 

region (FAO 2007; Polidoro et al. 2010; Valiela, Bowen, and York 2001). Southeast Asia is believed 

to have lost more than 1/3 of its total mangrove cover in just a decade, between the 1980s and 1990s 

(Valiela, Bowen, and York 2001; Polidoro et al. 2010; Richards and Friess 2016; Brander et al. 2012). 

A study by Richards and Friess (2016) estimates that between 2000 – 2012 additional losses upward 

of 4,600,000ha may have occurred in Southeast Asia. Until recently this loss has been largely 

attributed to the rapid expansion of shrimp aquaculture (Valiela, Bowen, and York 2001;  Jurgenne 

H. Primavera 2005; J. H. Primavera 2000; E. Barbier et al. 2011), however results by Richards and 

Friess (2016) indicate that although aquaculture was a main driver, the primary threats were country- 

dependent and palm oil also played a significant role. Although aquaculture can proceed with minimal 

damage if practised sustainably, the attractive incentive of foreign exchange brought about wide 

scale exploitation of mangroves in Southeast Asia, and this was largely encouraged by governments 

(E. Barbier, Strand, and Sathirathai 2002; E. Barbier and Sathirathai 2004). Southeast Asia is 

believed to possess one of the largest mangrove-dependent populations in the world (Mimura 2008; 

UNEP 2014; Orchard et al., 2016) meaning that detrimental socio-economic effects of mangrove 

loss would have been experienced at a broad scale (J. Primavera 1997). Expropriation and the 

privatisation of mangroves meant a decline in food security and threatened livelihoods for coastal 

communities (Primavera 1997). This elicited a suite of valuation studies to contribute to the resource 

management debate, done in attempts to demonstrate that the social costs of destroying mangroves 

far outweighed the short-term benefits arising from shrimp farms (Gunawardena and Rowan 2005; 
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Salem and Mercer 2012), an explanation further evidenced by extensive use of the Ec method in 

Asia (Figure 2.5). Other publications concerning the mangroves in Asia have used MVES to 

communicate the value of mangroves as natural storm barriers, in countries such as Vietnam and 

Thailand that have experienced devastating cyclones and tsunamis in recent years (Hoang Tri, 

Adger, and Kelly 1998; Lee et al. 2014; Das and Crépin 2013; Zhang et al. 2012). The widespread 

deforestation experienced by the region was of added significance as several countries are 

considered biodiversity hotspots and have the highest diversity of mangrove species in the world 

(Mark Spalding 2010). This meant that the deforestation in Asia contributed to placement of 16% of 

global mangrove species onto the threatened list (Polidoro et al. 2010; Richards and Friess 2016), 

in turn, this led to the designation of Ramsar and world Heritage sites under the UNESCO 

convention, which will have attracted international interest to the region. From a methodological 

perspective, sites in these countries may have been of additional interest to researchers due to their 

well-established histories of mangrove management (Carter, Schmidt, and Hirons 2015). Sites such 

as the Sundarbans in Bangladesh and the Matang forest in Malaysia which are also where some of 

the earliest recorded cases of mangrove management are documented (Carter, Schmidt, and Hirons 

2015). For example, the Sundarbans has been managed from 1890 and Sundarbans Matang forest 

as of the late 19th century (Richards and Friess 2016; Carter, Schmidt, and Hirons 2015) and   both 

sites are prevalent in the literature (DasGupta and Shaw 2017; Ahmad 2009; Uddin et al. 2013). This 

bias toward mangrove in South-east Asia presents an issue as for the most part the information 

collected cannot be extrapolated for use in management in other mangrove inhabited countries. 

Mangrove forests are ecosystems that experience extensive degrees of stakeholder engagement 

meaning that mangrove stakeholders are of particular relevance of mangrove services. The socio- 

cultural climates in the countries of Southeast Asia are unique and are not representative of other 

Asian countries, not to mention the countries outside of this region, meaning extrapolation of ES 

values could give rise to conflict if implemented in management schemes. Instead, gaps in the 

literature must be addressed. Mangrove inhabited countries in Africa are of particular significance as 

after Asia, Africa holds the second largest mangrove dependent population (UNEP 2014; Nibedita 

Mukherjee et al. 2014) yet relatively little is known with regards to their coastal ecosystems 

(Chevallier 2013). FAO (2007), states that mangroves in Africa occupy 33 countries (Chevallier 

2013), however there is little mention of their ecosystem services and the importance to local people 

from Africa (See: (Walters et al. 2008; Satyanarayana et al. 2012; Chevallier 2013). Studies by Crow 

and Carney (2013; Lau and Scales, (2016) report the social significance of oyster fisheries in 

Gambian mangroves by women, where Satyanarayana et al. (2012) reviewed mangrove forest 

resources. In addition, James et al. (2011) demonstrated social significance of mangroves to 

communities in the Niger Delta. These publications indicate potential for mangrove management 

schemes based around coastal communities and MVES studies could facilitate interest by 

governments and the public. The Caribbean represents another area of interest as this region is 

heavily dependent on the Mesoamerican barrier reef (Harborne, Afzal, and Andrews 2001), a system 

greatly contributed to and supported by mangrove forests on the shores of its surrounded countries 

(Nagelkerken et al. 2008; Mumby et al. 2004). The marine systems in the Caribbean support 

livelihoods of approximately two million people, supporting fisheries of commercial importance like 

the Caribbean spiny lobster (Panulirus argus) and snapper (Lutjanidae) (Box and Canty 2010) and 

providing the foundations for the regions tourism industry (Doiron and Weissenberger 2014). The 
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importance of mangroves to people in these regions suggests potential for integration of valuation 

approaches to facilitate more integrated approaches to mangrove management through inclusion of 

local stakeholders. 

 
Service types reported 

Review of the literature with regards to category and type of service valued found that, of the four 

service categories defined by the MEA, the greatest number of observations pertained to the 

provisioning category. Valuations of both the forest product and the direct fishery services from this 

category were the most prevalent in the literature, with the forestry product service having the most 

observations of all examined. These results were in accordance with observations by Salem and 

Mercer (2012), Brander et al. (2012), Mukherjee, Sutherland, Dicks, et al. (2014) and were consistent 

with the extensive use of the market pricing method demonstrated in Figure 2.4. The bias toward the 

provisioning category and its component services is likely to be a result of the widely acknowledged 

importance of said services to mangrove-dependent coastal communities. Additionally, this bias is 

indicative of the relative ‘ease’ with which market price valuations can be carried out (Abson and 

Termansen 2010; Small, Munday, and Durance 2017). Valuation reports of the nursery and shoreline 

protection services were also prevalent in the literature. These results were as expected, as nursery 

and shoreline protection represent two of the more celebrated mangrove services, and were 

consistent with observations by Salem and Mercer (2012), Brander et al. (2012), Mukherjee, 

Sutherland, Dicks, et al. (2014). Mangroves have long been recognized for their role in supporting 

on- and off-shore fisheries by providing habitat and nursery services to many species of significant 

ecological and commercial importance (Box and Canty 2010; Aburto-Oropeza et al. 2008). Loss of 

this service would have detrimental effects on the fishery industry and in turn various local and 

national economies (Carter, Schmidt, and Hirons 2015), a concern that has likely fuelled significant 

discourse around the service. Studies such as those by Mumby et al. (2004) and Nagelkerken et al. 

(2008) have provided evidence as to the link between mangroves and offshore fishery population 

which was key to this discussion. These papers have inspired efforts by others to develop and refine 

nursery associated valuation techniques, as well as to repeat research elsewhere (Anneboina and 

Kavi Kumar 2017). The nursery service has gained considerable interest from NGOs and other 

practitioners (Hutchison, Spalding, and Ermgassen 2014; Carter, Schmidt, and Hirons 2015; Peter 

Saenger, Gartside, and Funge-Smith 2013). Similar can be said for the shoreline protection service; 

despite the storm projection service of mangroves has been widely acknowledged, the degree to 

which mangroves are capable of reducing the impacts of catastrophic ocean events has been heavily 

debated in the literature (Lee et al. 2014). In countries that have been impacted by such events in 

recent years (e.g. Thailand, Vietnam) this service has gained attention from NGOs and 

Governments, becoming a focus of risk management discussion and attracting funding for 

associated management schemes (Spalding et al. 2014; Saenger and Siddiqi 1993). This study, in 

addition to other reviews, demonstrates a bias in the mangrove valuation literature toward indirect 

service with high, economic benefits. It is important to appreciate that the majority of these valuations 

are being derived through the use of indirect methods. This means that a large proportion of error is 

introduced in these studies which will impact accuracy and reliability of results (Schmidt, Manceur, 

and Seppelt 2016; Spangenberg and Settele 2010). If economic valuations of ecosystem services 

are to be implemented into management they are likely to be used in cost-benefit analyses where 



44  

small differences in assigned values could be very influential on final land use decisions. Several of 

the techniques used in MVES have been criticised due to concerns regarding lacking reliability (See: 

Schmidt, Manceur, and Seppelt 2016; Spangenberg and Settele 2010; Chee 2004). Concerns over 

uncertainty and error are particularly prevalent in discussions surrounding the use of the benefit 

transfer (BT) method (see (Plummer 2009; Schmidt, Manceur, and Seppelt 2016) for discussion). 

This application of this method was found to be relatively popular in the mangrove valuation literature 

(Figure 1.4), contributing to further ambiguity as to the reliability of the mangrove service values 

available. The limitations regarding the BT method discussed in the wider valuation literature makes 

it somewhat concerning that of all the literature reviewed in this study, all reports of the biodiversity 

services of mangroves were derived using this method. What is perhaps more concerning is that the 

majority of these reports transferred values from a single paper (Ruitenbeek 1994). This result 

implies that in fact we know very little of the biodiversity values of mangrove forests, a deficit in 

knowledge representative of concerns as to the neglect of ecological values being discussed in the 

wider valuation literature (Laurila-Pant et al. 2015; Gómez-Baggethun et al. 2014).  

 

Critics of MVES have raised concerns as to the relative one-dimensionality of the tool, an issue that 

has led to calls for value plurism in ecosystem valuations and one that is further demonstrated by 

the deficit in cultural service valuations found by this review (Martín-López et al. 2012; Kenter et al. 

2015; Kelemen et al. 2014; Small, Munday, and Durance 2017). The cultural service category was 

demonstrative of a significant literature deficit as all observations were tourism; there were no 

observations of, for example, spiritual or aesthetic cultural services. This deficit is corroborative of 

concerns by many that cultural services and the non-material benefits of ecosystems remain 

underrepresented by the literature (Plieninger et al. 2013; Satz et al. 2013; Gee and Burkhard 2010; 

Milcu et al. 2013) and is reflective of the ongoing debate as to the viability of this category in 

ecosystem valuation (Winthrop 2014; Small, Munday, and Durance 2017; K. M. A. Chan et al. 2011; 

K. Chan et al. 2012). Cultural services are described by the MEA (2005) as “the nonmaterial benefits 

people obtain from ecosystems through spiritual enrichment, cognitive development, reflection, 

recreation, and aesthetic experiences”. Despite the breadth of this definition however, ESV 

valuations of cultural services are often limited to valuation of the more tangible aspects such as 

tourism and recreation (Milcu et al. 2013), a trend demonstrated in this study. This is in large part a 

result of the difficulty involved with quantifying and measuring non-material benefits that are 

intangible by nature (Schröter et al. 2014; Satz et al. 2013; Daniel et al. 2012). It is however becoming 

widely acknowledged that these nonmaterial benefits can act as important drivers of environmental 

changes (Small, Munday, and Durance 2017). Field observations by Gabb (unpublished data), are 

in agreement with these idea with regards to mangroves, as cultural and heritage values were found 

to be important in mangrove-dependent communities in Honduras. Here, it was found that primarily 

indirect mangrove beneficiaries felt a strong heritage based connection to the forests, with 

mangroves featuring heavily in childhood memories and many describing various mental health 

benefits derived from forest presence. It is important that we understand how people connect to the 

non-material benefits of ecosystems as such information could help us inspire better 

environmentally friendly behaviours and inform us as to how we can better engineer conservation 

programs. Thus, if we want to understand the value of ecosystems we need to explore these types 

of value, however hard to quantify they may be. A step towards achieving this could be the use of 
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more mixed-methods approaches that use both qualitative and quantitative data to investigate 

information that may not otherwise be readily quantifiable. An example of one such method would 

be choice experiments, for example Best-worst scaling methods.  

 

Finally, the number of papers found to value carbon stocks in mangroves did not meet background 

expectations. Carbon storage schemes have become a hot topic with blue carbon being a recent and 

very popular addition to the conversation. There is an established carbon market making monetary 

valuation of stocks simple and tangible. It was thus expected that there would be more papers valuing 

this service, however the review found only 15 valuation papers concerning the mangrove carbon 

sequestration service. It is likely that this is a result of the search parameters used in this study as there 

a wealth of literature on mangrove carbon quantification but much of this has never been translated into 

monetary values. Papers reporting any non-monetary values or quantities were not included during the 

data collection process as they were considered beyond the scope of this study. The lack of monetary 

valuing in carbon sequestration literature provides food for thought. PES and carbon schemes represent 

some of the more tangible on the ground applications of monetary valuation so if anything was to be 

prevalent in the literature one would expect it to be carbon values. This suggests that monetary valuation 

in carbon question is considered a secondary priority or perhaps even unnecessary by the related 

academic spheres. Perhaps this is suggestive that entities engaging in PES carbon that ES projects put 

more weighting to the underlying biological measurements and monitoring involved in said schemes 

than the end value. Pagiola  

 
Assessment methods 

This review has discussed several limitations pertaining to MVES as a tool in measuring the value 

of mangrove ecosystem services, many of which are likely to have contributed to the patterns 

observed regarding use of the tool (Figure 2.5). Investigation as to the use of MVES in the mangrove 

valuation literature revealed that the tool was more commonly employed alongside alternative 

methods from other disciplines that it was as an independent method (Ec). Four patterns of ESV use 

were identified: MVES use as an independent method (Ec), MVES was that in conjunction with social 

methods (EcS), MVES use in conjunction with biological methods (EcB) and finally, MVES use in 

conjunction with both social and biological methods (EcBS). Overall, examination at this level 

revealed that MVES was more commonly employed in conjunction with social surveying methods 

(EcS) than it was as an independent method. This was the case in both the peer-reviewed and the 

grey literature and may suggest that the information derived from ESV is more useful in combination 

with socio-cultural context. This finding supports the discourse mentioned prior as to the tools one- 

dimensionality as it would stand to reason that users of the tool are looking to alternative methods to 

collect the full breadth of value information requited. Perhaps the most surprising result however was 

the lack of biological surveying methods present in the grey valuation literature. This finding is 

consistent with current discourse surrounding concerns as to the relatively limited integration of 

primary, ecological information into management schemes and the extent research utility gap 

between researchers and managers (Cvitanovic et al. 2014; Pullin et al. 2004; Sutherland et al. 

2004). 
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2.6 Conclusion 

This purpose of this paper was to review the tool, monetary valuation of ecosystem service (MVES) 

regards to its application to mangrove ecosystem services, ultimately providing an update as to the 

current state of the literature. The review examined and reported extant trends concerning 

prevalence of the tool in mangrove literature, geographic locations of related studies, the types of 

services represented and the relevant techniques and approaches used to assess them. This study 

has identified a gap in the mangrove valuation literature with regards to mangrove inhabited countries 

in Africa and Latin America as well as with regards to the cultural services and non-material benefits 

provided by mangroves. This study has contributed to discourse on several concerns as to the 

limitations of MVES all of which highlight the necessity to move towards value plurism in valuation, 

which in turn could aid in facilitating integrated approaches to mangrove conservation. We 

acknowledge that the values offered by ecosystems have multiple dimensions, many of which cannot 

be accounted for in monetary terms. We do however, believe that in developing countries, where 

conservation is not high in governmental priority, the purpose of MVES as a communication tool is 

still very valid. Use of MVES in this way could be effective in raising awareness of decision makers 

and local stakeholders as to the importance of mangrove services. The effectiveness of this use of 

MVES however has not been widely proven thus examining the success of MVES as a 

communicatory tool for conserving mangrove forests could be worthwhile. At present, MVES studies 

account for much of the peer-reviewed literature specifically categorising and reporting mangrove 

services at different sites. An issue thus remains as to the significant literature deficits with regards 

to the mangrove services in Africa and Latin America. Future research should thus attempt to fill 

these gaps and build upon the efforts MVES to examine a range of value types in the mangroves of 

these regions. 
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Chapter 3 
 
 

Stakeholder perceptions of the importance of mangrove ecosystem services in coastal 

communities on the Caribbean coast of Honduras 

 
Abstract 

Lessons learned from past conservation efforts have led to movement away from traditional, top- 

down approaches to ecosystem management and toward more integrated efforts, characterised by 

increased public participation and better communication across stakeholder types. Coastal 

ecosystems such as Mangrove forests are becoming increasingly incorporated into coastal zone 

management schemes centred around an integrated approach. The’ Ecosystem Service Concept’ 

and associated valuation methods have become popular means of attempting to facilitate better 

communication across stakeholder types, however focus on monetary valuation methods means that 

local communities remain excluded. We used a choice experiment in “Maximum Difference” 

(MaxDiff) to investigate social values of mangrove services to coastal communities at four sites along 

the Caribbean coast of Honduras, to demonstrate their significance in designing management 

schemes. We found that perceptions as to the relative importance of the nursery (high) and saltwater 

intrusion (low) services were consistent amongst sites. The majority of services however 

demonstrated variation amongst the sites. Some showing variation in attributed importance scores 

amongst sites maintained similar rankings of importance over the sites (biodiversity). Perceptions of 

others such as the storm protection, erosion limitation and tourism services were found to be affected 

by the relative geographies of the communities surveyed. The consistencies and differences shown 

in community perceptions here demonstrates the significance of capturing social values of 

ecosystem services as consistent perceptions offer potential for generalised, national management 

schemes and differences highlight the importance of considering site specifics to avoid conflict. 

 

3.1 Introduction 

The intertidal zone is amongst the most dynamic and harsh environments (D. Alongi 2008; Spalding 

2010; Duke and Schmitt 2016). Characterized by high levels of salinity, strong winds, and anaerobic 

soils, among other fluctuating conditions, this space offers little to be desired in terms of the optimal 

conditions required for establishing plant communities (Duke and Schmitt 2016; Hogarth 2015; 

Kathiresan and Bingham 2001). Nevertheless, this environment offers the fundamental growth 

conditions for one of the earth’s most productive ecosystems, mangrove forests (Kathiresan and 

Bingham 2001; Hogarth 2015; Gillis, Belshe, and Narayan 2017). Mangroves are defined as an 

assortment of woody salt-tolerant trees and shrubs which grow within estuaries and along coastlines 

in tropical and subtropical regions, primarily between 30oN and 30oS of the equator (Thomas et  al. 

2017; Hogarth 2015; Kathiresan and Bingham 2001; Giri et al. 2011; Tomlinson 1994; Duke 1992). 

Once thought to be unproductive wastelands (Lugo and Snedaker 1974; Gunawardena and Rowan 

2005; J. H. Primavera 2000; Ic Feller and Sitnik 1996), mangrove ecosystems are gaining recognition 

for providing a variety of ecosystem services (Barbier 2007b; B. Walters et al. 2008; Friess and 

Thompson 2016). These services support adjacent ecosystems and are vital to the well-being of 

coastal communities (B. Walters et al. 2008; Hussain and Badola 2010; Duke and Schmitt 2014), 
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providing benefits to local, national and even global scale economies (Spaninks and Van Beukering 

1997; Salem and Mercer 2012; Thomas et al. 2017; Thompson, Primavera, and Friess 2017) 

 
Ecosystem services (ES) is a term used to describe the processes and functions of ecosystems that 

support associated environments and help sustain human life (Costanza et al. 1997; Chapin et al. 

2000). Use of ES terminology has gained considerable momentum as a means of raising awareness 

as to the importance of ecosystem, through communicating societal support by ecosystems (Lele et 

al. 2013; Daily 1997; Kull, de Sartre, and Castro-Larranaga 2015). Mangroves are becoming 

increasingly recognized as effective providers of multiple services which include: provisioning (e.g. 

timber, medicines and multiple-use fisheries; (W. M. Bandaranayake 1999; B. Walters et al. 2008; 

Aburto-Oropeza et al. 2008)); regulating (e.g. storm protection, erosion control, climate regulation; 

(Donato et al. 2011; S Das and Crépin 2013; Barbier et al. 2011)); supporting (e.g. nutrient cycling; 

(Hussain and Badola 2008; I. Feller et al. 2003)) and cultural services (recreational, aesthetic and 

spiritual; (Spaninks and Van Beukering 1997; Uddin et al. 2013)). Estimates suggest that today, over 

220 million people live within 10km of mangrove forests, and the ES provided by these forests are 

of significant socio-economic importance to these communities (UNEP 2014). 

 
Despite their social, economic and ecological significance, mangrove cover across the globe is 

declining at an alarming rate (Duke et al. 2007). The 20 years between 1980 - 2000 saw an 

estimated loss of 35% of global mangrove cover and decline is ongoing (Giri et al. 2011; Polidoro et 

al. 2010; Valiela, Bowen, and York 2001; Barbier et al. 2011) putting loss at 1% per year (Polidoro 

et al. 2010; FAO 2007; D. M. Alongi 2002). This means that mangrove loss is occurring at a rate 

which is faster than both tropical rainforests and of coral reefs (Valiela, Bowen, and York 2001; 

Polidoro et al. 2010) two ecosystems that have received considerably more international attention 

(Duarte et al. 2008). At present, the primary threats to mangrove habitats are the overexploitation of 

resources and mass clearing for alternative land uses (Valiela, Bowen, and York 2001; Polidoro et 

al. 2010; Carter, Schmidt, and Hirons 2015; Thomas et al. 2017). Clearing for aquaculture purposes 

for example, is commonplace in Southeast Asia, whereas countries in the Caribbean have removed 

large areas of mangrove forest for coastal tourism opportunities (Polidoro et al. 2010; D. M. Alongi 

2002; Richards and Friess 2016; B. Walters et al. 2008; Barbier and Sathirathai 2004). Behaviours 

that threaten mangrove viability ultimately reduce ecosystem productivity and capacity to deliver 

vital services. For example, destruction of mangroves is believed to produce approximately 0.12 

Giga Tonnes of CO2 each year, an amount that accounts for roughly 0.3% of total anthropocentric 

emissions. Further compounding on this problem, clearance not only depletes these mangrove 

carbon storage stocks but also then prevents mangroves from sequestering and storing additional 

carbon in the future. Various anthropogenic pressures further add to the issues of clearing of 

clearing and overexploitation. For example, increasing levels of human encroachment often lead to 

problems such as pollution (e.g. agricultural runoff) and fragmentation (e.g. through construction of 

roads). These threats have varied knock on effects for services and their production. For example, 

the effects of pollution on water quality and the alterations to hydrology caused by human 

infrastructural encroachment not only affect connectivity and productivity, but also prove detrimental 

to the biodiversity and nursery services (Thomas et al. 2017; Valiela, Bowen, and York 2001; D. M. 

Alongi 2002; Jiao et al. 2015; Godoy and Lacerda 2015; Blanco-Libreros and Estrada-Urrea 2015). 
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In addition to the more directly anthropocentric threats described here, low-lying mangroves also 

face impending threats at hand of climate change and the resulting sea-level rise. If allowed to do 

so mangroves are capable of adapting to sea level rise through the accumulation of sediment, 

however the pace at which climate change is occurring, combined with human encroachment 

leaving the forests trapped at the shore line means that this is not guaranteed. Without these 

mangroves, human settlements nearby will not benefit from vital storm protection and erosion 

services in a time when extreme weather events are through to be become more frequent (Ward et 

al. 2016; Krauss et al. 2014). 

 
Recent years have seen a shift in mangrove management, from central themes of exploitation and 

extraction towards those of preservation and conservation (Carter, Schmidt, and Hirons 2015; FAO 

2007). The global extent of mangrove decline has resulted in protection efforts through international 

agreements such as the Ramsar convention (1974) and the UNESCO heritage program (Farnsworth 

and Ellison 1997; Polidoro et al.  2010; Carter, Schmidt, and Hirons 2015).  On the ground, 

management has largely focused on the establishment of national parks (NPs) and marine protected 

areas (MPAs) to restrict human activity and limit anthropocentric pressures (Carter, Schmidt, and 

Hirons 2015). However, the effectiveness of such “top-down”, preservationist approaches to 

conservation is becoming increasingly debated in the wider management literature (Bennett and 

Dearden 2014; Teixeira De Almeida et al. 2016). In many cases, implementation of MPAs and NPs 

has been found to be unsuccessful in preventing biodiversity loss in the environments they were 

designed to protect (Lugo, Medina, and McGinley 2014; Sarker et al. 2016). These so called ‘paper-

parks’ often suffer due to lack of sufficient funds and resources for proper enforcement (Wilkinson et 

al. 2006; Terborgh 2002; Lugo, Medina, and McGinley 2014). Even in an ideal situation where funding, 

policing and management were successfully implemented, MPAs only offer a temporary solution. For one, sea 

level rise continues to threaten the forests in spite of protective legislation, but more so MPAs are vulnerable to 

legislative overhauls or funding cuts associated with changes in political parties, a very typical situation in 

developing countries. In addition, the high level of human interaction experienced by these ecosystems make it 

very difficult to prohibit use, meaning that prohibiting people from the mangroves would only be effective for a finite 

time period. PAs often face problems as a result of their exclusion of local communities (Bennett and 

Dearden 2014; Richmond and Kotowicz 2015; Blanco-Libreros and Estrada-Urrea 2015). 

Implementing PAs has been found to cause social conflict through the causing of detrimental socio-

economic impacts such as inequality creation and the restriction or loss of livelihoods (Muhumuza 

and Balkwill 2013; Bavinck and Vivekanandan 2011; Bennett and Dearden 2014; Christie 2004). 

Such conflict can drastically impair the chances of successful conservation, and the success of 

conservation approaches can often be predicated by degree of local support (Bennett and Dearden 

2014; J H Primavera and Esteban 2008; Blanco-Libreros and Estrada-Urrea 2015; Lugo, Medina, 

and McGinley 2014). Ecosystem decline and biodiversity loss are heavily influenced by socio-

economic and political factors and preservationist approaches fail to account for these (Muhumuza 

and Balkwill 2013; Bennett, Peterson, and Gordon 2009; Christie 2004). Implementing successful 

PAs also faces limitations as a result of lacking communication amongst stakeholders. (Cvitanovic 

et al. (2014) and Sutherland et al., (2004) for example, discuss concerns of the research-

implementation gap between researchers and management practitioners, referencing the limited 

integration of primary research and scientific evidence (Knight et al. 2008; Pullin et al. 2004; Cook, 
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Hockings, and Carter 2010). This causes problems as it means areas are managed with a lack of 

consideration of potential differences amongst sites and they may be treated as if all are the same 

(Cvitanovic et al. 2014). Although implementing PAs has undoubtedly contributed to safeguarding 

environments at risk, their lack of consideration to socio-economic factors is not compatible with 

combatting risks resulting from a growing population (Bennett and Dearden 2014). As a result, 

bottom up conservation approaches characterised by a greater focus on community level 

conservation have gained increasing attention (Wilkinson and Salvat 2012; Wilcock 1995; Gaymer 

et al. 2014; M. S. Reed, Fraser, and Dougill 2006; J. Reed et al. 2016) and it has become 

increasingly recognized that successful conservation requires movements toward integrated 

approaches (Likens and Lindenmayer 2012; Gaymer et al. 2014). 

 
A characteristic element of the bottom-up approaches that feature heavily in integrated efforts is 

better integration of various stakeholders and effective collaboration amongst them (Wilkinson and 

Salvat 2012). Efforts to bridge the gaps and increase communication between practitioners and 

decision makers from within this framework has given rise to interdisciplinary tools such as monetary 

valuation of ecosystem services (MVES)(Laurans et al. 2013)(Gómez-Baggethun et al. 2010). 

Originally intended to communicate ecosystem values in terms more readily accessible by policy 

makers, ecosystem valuations have been heavily adopted into the mangrove service literature 

(Gómez-Baggethun et al. 2010)(Lele et al. 2013). Tidal marsh and mangrove ecosystem services 

(ES) have been valued at US$194,000 ha-1 yr-1 by Costanza et al. (2014). Although MVES may help 

bridge gaps between managers and decision makers, it is lacking with regard to integrating direct 

resource users and local communities (Felipe-Lucia, Comín, and Escalera-Reyes 2014)(Locatelli et 

al. 2014)(Kelemen et al. 2014) . Social approaches to assessing importance of value to local people 

can help integrate their voices and perceptions (Felipe-Lucia, Comín, and Escalera-Reyes 2014; 

Small, Munday, and Durance 2017; Gómez-Baggethun et al. 2014). Mangroves are becoming 

increasingly included in integrated coastal zone management. ICZM aims to provide “a balance of 

development and conservation that ensures multi-sector planning, public participation, and conflict 

mediation” by incorporating government and community level participation in the process (Carter, 

Schmidt, and Hirons 2015). To help facilitate this we therefore need to look at how coastal, mangrove 

dependent communities value mangrove services and understand how these might influence their 

decision making. 

 
The mangrove forests of Latin America and the Caribbean combined contribute to 26% of the global 

mangrove cover (Giri et al. 2011), however they remain largely underrepresented in the literature 

when compared to those in Southeast Asia. The Caribbean is believed to have lost 26% of its 

mangroves over the past 25 years, a loss second only to losses seen in Southeast Asia (FAO 2007; 

Polidoro et al. 2010). The Caribbean is home to the Mesoamerican Reef ecoregion, which includes 

Mexico, Belize, Guatemala and Honduras and holds the longest reef in the Western Hemisphere 

(Cahoon et al. 2003; Harborne, Afzal, and Andrews 2001). The Mesoamerican Barrier Reef (MAR) 

is considered to be of significant ecologically and socio-economic importance due to its wide-scale 

maintenance of associated ecosystems and support of livelihoods for people in bordering countries, 

approximately 2 million people (Mcfield and Kramer 2007). The ecoregion represents a considerable 

management challenge as it requires transboundary collaboration (Mcfield and Kramer 2007). The 
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Caribbean coastline of Honduras represents the Southern end of the MAR and stretches 753km 

(Harborne, Afzal, and Andrews 2001). The mangroves here contribute 14.7% of the total found in the MAR. 

The coastline offers a variety of marine habitats and a mixture of different mangrove systems both 

on-shore and off-shore (Harborne, Afzal, and Andrews 2001; Bhomia, Kauffman, and McFadden 

2016), each of which exhibit varied levels of community dependency. Mangrove forest is thought to 

cover roughly 35,000ha in Honduras and is distributed relatively evenly between the country’s Caribbean and 

pacific coasts (Canty, 2018). Coastal zone management is relatively novel to Honduras, however the 

existence of large-scale initiatives, dedicated NGOs and growing environmental consciousness in 

the country present an encouraging case for conservation here (Harborne, Afzal, and Andrews 

2001). 

 

3.2 Aims and objectives 

The objective of this study was to examine perceptions of the relative importance of mangrove 

services that are held by coastal community members along the Caribbean coast of Honduras. Four 

mangrove-dependent communities were surveyed at four sites (two islands and two mainland) as a 

means of investigating potential variation across different systems. This study aims to build on 

existing knowledge of the mangrove services in this region, and to determine the degree of alignment 

between current economic valuation and local community priorities. This supports an ultimate aim of 

refining conservation priorities in Honduras and creating community crafted management projects. 

 

3.3 Methodology 

Ethics statement 

This research project was conducted with full compliance of research ethics norms, and more 

specifically the codes and practices established by the University of Manchester Ethics Committee 

who approved this study prior to its commencement. 

 
Study sites and data collection 

The data used in this study was collected from communities at four different sites along the Honduran 

Caribbean coastline. The Caribbean Coast of Honduras represents the southern end of the 

Mesoamerican reef (MAR region) (Figure 3.1). The coastline stretches from Guatemala (15.43 oN; 

88.13 oW) to Nicaragua (14.59 oN; 14.59 oW), measuring 735km, and includes The Bay Islands; Utila, 

Roatan and Guanaja (Figure 3.1) (Harborne, Afzal, and Andrews 2001; Bhomia, Kauffman, and 

McFadden 2016). The Caribbean coast of Honduras features a tropical wet climate, with 

temperatures ranging from a minimum of 20°C, to highs of 32°C, and the region experiences annual 

rainfall of approximately 2800–3000 mm (Harborne, Afzal, and Andrews 2001; Bhomia, Kauffman, 

and McFadden 2016). This region is host to multiple different marine habitats and variety of 

mangrove systems (i.e. riverine estuaries, lagoon, offshore) (Harborne, Afzal, and Andrews 2001; 

Ersión and Echa 2005). Mangrove species known to the region include two species of red mangrove 

(Rhizopora mangle, R. harrisonii), black mangrove (Avicennia germinans) and white mangrove 

(Laguncularia racemosa), and the associate mangrove species, buttonwood (Conocarpus erectus) 

(Ersión and Echa 2005). Reports suggest that the mangrove forests here face threats from mass 

clearing, pollution and unsustainable exploitation (Harborne, Afzal, and Andrews 2001). As a country, 

Honduras is believed to have lost over 85 000 ha of mangroves since 1980 (Lugo, Medina, and 



60  

McGinley 2014), losses that have been reported as results of the salt production and Shrimp farming 

industries (Ersión and Echa 2005; FAO 2007; Dewalt, Vergne, and Hardin 1996). Reports describing 

mangrove services in the context of the modern ecosystem service concept are scarce in this region. 

In Honduras, shifts in management toward the protection of marine environments originate around 

1959 with establishment of the ‘Ley de Pescar’, established to make reefs protected areas (Harborne, 

Afzal, and Andrews 2001). In 1997, the countries of Central America collectively signed the ‘Tulum 

declaration’ to collaborate conservation efforts of the MAR (Harborne, Afzal, and Andrews 2001). 

Coastal zone management is thus relatively novel in Honduras, it has however gained considerable 

momentum through organisation of large-scale initiatives and the establishment of national, grass- 

roots NGOs (Harborne, Afzal, and Andrews 2001). The Forest Conservation Institution (ICF) is the 

governmental department responsible for management of mangroves, however, all day-to-day 

management of forests done by said local NGOs. 

 
Data was collected from two island communities and two mainland communities. The island 

communities were inhabitants of the ‘Islas de Bahia’ or the Bay Islands, located between 30-50km 

off of the mainland coast (Korda, Hills, and Gray 2008). The Bay Islands are surrounded by a variety 

of coral reef systems that support a diversity of associated marine life that have led them to become 

central to the tourism and fishing industries (Harborne, Afzal, and Andrews 2001). Dive tourism and 

the associated infrastructure has proliferated in the Islands as several charismatic marine species 

such as whale sharks (Rhincodon typus), manta rays (Manta birostris) and green sea turtles 

(Chelonia mydas) frequent the surrounding reefs (Harborne, Afzal, and Andrews 2001; Doiron and 

Weissenberger 2014). Despite living amongst mangroves, the dependence of islands settlers on 

mangroves within the community was varied based on their social status. In comparison, community 

members at the mainland sites surveyed were fully dependent on their surrounding mangroves, 

which provided their livelihoods and were heavily integrated into their way of life. Much less has been 

reported with regards to the marine resources of the mainland (Harborne, Afzal, and Andrews 2001). 

The individuals surveyed on the mainland were members of artisanal fishing communities and 

experienced a much lower standard of living than their island counterparts (Harborne, Afzal, and 

Andrews 2001). Widespread destruction caused by Hurricane Mitch in 1998 (Cahoon et al. 2003) 

has prompted mass migration of poor and uneducated mainland inhabitants to the Bay Islands in 

search of employment in the tourism industry (Doiron and Weissenberger 2014; Stonich 1995; Canty 

2007). 

 
Roatan - Sandy Bay and West End communities 

Roatan is the largest island of the Bay islands with an area of 133 km2 (Figure 3.1) and is estimated 

to possess roughly 800ha of mangrove forests, most of which is located on the eastern side of the 

island (Cahoon et al. 2003; Doiron and Weissenberger 2014). The community sampled here 

inhabited the main residential zone of the Island, Sandy Bay, and a primary tourist zone, West end 

(Colwell 1998). The original settlers in Roatan are known as White Caracoles, people of Caymanian 

origin (West 2001; Harborne, Afzal, and Andrews 2001). Roatan tourism and real estate 

infrastructure, generated over US$180 million in 2006 from the tourist industry (Canty 2007). This 

tourism success has caused significant immigration to the area continuing a significant population of 

Garifuna and Latinos to the island (Stonich 1995). Community members include a mixture of service 
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providers (e.g. manual labourers, plumbers) and those working in hospitality with the tourism 

industry. The area was designated a marine reserve (Colwell 1998) that was originally managed by 

a dive resort, which did create some tension due to loss of livelihoods, but management has now 

been taken over by the Bay Island Conservation Association (BICA), an NGO with greater community 

participation (Colwell 1998). 

 
Utila - East harbour community 

Utila is the smallest of the three Bay Islands is the island of Utila (Figure 3.1), and has mangroves 

along its northern coastline, interior areas and a few fragmented patches on the southern side along 

two lagoons (Jaxion-Harm et al. 2012; Bhomia, Kauffman, and McFadden 2016). The mangroves 

here are thought to cover roughly 66% of the island (Cahoon, 2003). Population here is mixture of white 

Utilans, white Cayans, Garifuna and Mezito Latinos (Korda, Hills, and Gray 2008). The primary 

settlement on the island is East Harbour. Tourism industry has transformed the island, turning it 

from fishing community to tourism destination, with the highest socio-economic position on the 

island possessed by those living in East Harbour (Korda, Hills, and Gray 2008). Development of the 

tourism industry has been extensive and Utila is now the fifth most affluent municipality of 

Honduras, due to the growth of dive tourism (Canty, 2007). The participants had similar occupations 

to those in Roatan. Mangroves here were managed by a separate branch of BICA-Utila. 

Tela Bay - Miami community 

The community surveyed in Tela (35°9’S, 80°59’W) were one of five Garifuna communities that 

inhabit the area (Loperena, 2012). The community here were a small artisanal fishing community 

surrounded by two national parks so were subsistence based mangrove users, with many people 

fishing to feed themselves and their families as well as for domestic trade. The community here live 

alongside the Laguna los Micos, a large mangrove lined lagoonal system that feeds into Tela bay. 

The lagoon is part of the Jeanette Kawas National Park, run and managed by a local NGO called 

PROLANSATE. The national park covers 781.68km2 and boasts a variety of ecosystems, such a as 

mangroves, swamps, lagoons and river, however no estimates exist as to the specific mangrove 

coverage. The area is a hotspot for domestic tourism and tourism increased further with the Los 

Micos beach and golf resort project supported by the Inter-American Development Bank (IDB) and 

Tourism Ministry (Mollett 2014; Loperena 2012). In recent years the community experienced mass 

out-migration as a result of the projects failure and those that remain are involved in a preservation 

and tourism project to look like authentic traditional housing with thatched roofs. 

 
La Ceiba - Cuero y Salado 

The mangrove forest in Cuero y Salado (15.46°N, 87.07°W) was representative of a river estuarine 

system and is located 27km from the port city La Ceiba. Cuero y Salado was the first wetland in 

Honduras protected under the RAMSAR convention and is now one of 26 designated wildlife 

reserves in the country (Snarr 2005; Horochowski and Neil Moisey 1999; McCool and Moisey 2008). 

Although no official reports of mangrove coverage exist in the literature the park extends over more 

than 13,000 ha with a large proportion of this said to be occupied by mangroves. The area is 

managed by an organisation called Fundacion de Cuero y Salado (FUCSA) and has been 

managed in this way as of 1987 (Snarr 2005; Horochowski and Neil Moisey 1999). The participants 

surveyed in Cuero y Salado were an artisanal fishing community consisting predominately of 
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Mezito Latino settlers however, a small proportion of Garifuna live in the area (Horochowski and 

Neil Moisey 1999). The reserve receives tourists from La Ceiba, many of which come to engage in 

mangrove canal tours by kayak as this area hosts many charismatic species such as the Antillean 

Manatee (Trichechus manatus) (González-Socoloske, Taylor, and Thompson 2011). The area is 

under stress from the encroachment of agricultural land (palm plantations) in addition to illegal 

logging (Snarr, 2005). 

 

The communities at the locations surveys were accessed by contacting the management 

practitioner’s local to each area. Attempts were made to sample 30 people per site based on 

recommendations in the literature (Sawtooth Technical Paper 2013), however a small number of 

surveys had to be forgone. The total population sampled was 117. Individuals were using a simple 

random sampling method, via a door-to-door approach. Only those born on the island or having 

had lived on the island for 30+ years were asked to participate. Although a stratified random 

sampling method may have collected a more structured respondent population the small size of the 

communities interviewed meant that (after excluding foreigners and people under the age of 18) 30 

respondents accounted for roughly 50-75% of site population, making a random sampling method 

equally as representative. 
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Best worst scaling technique 

Stakeholder perceptions of mangrove services were surveyed using a choice experiment in 

“Maximum Difference” (MaxDiff) or ‘best-worst scaling (BWS)’ format. Initially introduced by Finn & 

Louviere (1992), BWS is often described as a sophisticated extension on Thurnstone’s (1927) 

traditional method of paired comparisons (MPC) and a powerful variation on the standard rating scale 

(Flynn and Marley 2014; Erdem, Rigby, and Wossink 2012; Sawtooth Technical Paper 2013; Auger, 

Devinney, and Louviere 2007). BWS functions as a means of examining participant preferences; 

individuals trade-off amongst paired items from a pre-defined list (Erdem, Rigby, and Wossink 2012). 

As a result, this technique has become a popular approach to exploring the relative importance 

attributed to different things by individuals and groups (Nunes et al. 2016; Burke et al. 2013). 

Originally intended for examining consumer preferences in market research, BWS is becoming 

popular across a variety of different disciplines and is being used to explore subjects from medical 

care (Flynn et al. 2008; Wittenberg et al. 2016; Cheung et al. 2016), ethical issues (Auger, Devinney, 

and Louviere 2007), education (Burke et al. 2013) and even environmental policy and conservation 

science (Kreye et al. 2017; Greiner 2016; Soto, Adams, and Escobedo 2016). The popularity of BWS 

is likely owed to several advantages the approach has over traditional MPC (Erdem, Rigby, and 

Wossink 2012). One such advantage is BWS is particularly efficient in eliciting preference data, 

producing large quantities of utility information (at both a summative and at the attribute level) whilst 

asking relatively little of participants (Flynn et al. 2008; Erdem, Rigby, and Wossink 2012; Kreye et 

al. 2017; P. Saenger and Siddiqi 1993; Lancsar et al. 2013). BWS has also been praised for its ability 

to produce robust estimates using small sample sizes (Auger, Devinney, and Louviere 2007; Kreye 

et al. 2017). Here we adopt the BWS methodology to identify the relative importance of mangrove 

ES to stakeholders in each of our selected communities. 

 
The choice experiment involves presenting participants with a series of choice sets. Each of these 

sets constitutes a subset of paired items or “attributes” taken from a master list and displayed in 

various combinations (Lee, Soutar, and Louviere 2007). Participants are then required to choose 

what they perceive to be the “best” and the “worst” or the “most”, “least” attribute (in this case service) 

from each subset (Erdem, Rigby, and Wossink 2012; Sawtooth Technical Paper 2013; Lee, Soutar, 

and Louviere 2007). Multiple sets of varying item composition are generated, and participants are 

requested to repeat the choice task for each (Sawtooth Technical Paper 2013). In asking 

respondents to rate attributes in this way, they are forced to discriminate amongst them, revealing 

information regarding participant preference (Cohen 2009; Erdem, Rigby, and Wossink 2012; 

Sawtooth Technical Paper 2013). Finally, with participants only considering utility extremes rather 

than gaging preference strength, scale use bias is eliminated and cognitive load of the participant is 

reduced. BWS produces more reliable results by eliminating scale use bias and reducing cognitive 

load making for more reliable results (Auger, Devinney, and Louviere 2007; Flynn and Marley 2014; 

Kreye et al. 2017; Erdem, Rigby, and Wossink 2012). 
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Experimental design 

The literature concerning mangrove ecosystem services in Honduras is limited. As a result, we 

provided a broad range of services in a pilot study, prior to the interviews with our stakeholders from 

our four communities. The pilot was conducted in a community called Peru, where a total of 30 

community members were interviewed. The initial service list selected for piloting constitutes several 

mangrove goods and services, widely deemed important in the literature (Table 3.2). Importance in 

this case may be ecological, social or economic as well as any combination of these. The wider 

literature often groups or bundles of ecosystem services based on end function (Table 3.2: A). 

Selection of ES for the initial list involved deconstructing these groups in order to reduce ambiguity 

regarding specific services in the BWS experiment (Table 3.2: B). The pilot study highlighted the 

need to make amendments to the list of services chosen as some services needed aggregating, 

separating or removing. Attributes, “Non-timber product”, “charcoal”, “Pharmaceuticals” from raw 

materials and “aquaculture” from fisheries were removed as community members revealed they were 

not applicable to the region. The “carbon sequestration” and “Sediment trapping” services were 

removed due to difficulties explaining their relevance. The pilot also revealed issues with the use of 

technical phrasing with regards to the services. Technical terms such as “biodiversity” “nursery 

service” were understood and acknowledged to be important however they needed simplifying. All 

amendments were made and the services listed as they were used in the experiment can be, seen 

in Table 3.1. 

 
 
 
 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 



 

 
 

(A) Service groups (B) Pilot Services References 
 

Timber and Forest 

product 

Building materials (Traynor and Hill 2008; Dahdouh-Guebas et al. 2000; Kaplowitz 2001) 

Non-timber product* (Sathirathai 1998; Hussain and Badola 2008; J. H. Primavera 2000) 

Pharmaceuticals* (Semesi 1992; W. M. Bandaranayake 1999; W. Bandaranayake 2002) 

Fuelwood/charcoal* (B. Walters et al. 2008; Kaplowitz 2001; Rönnbäck, Crona, and Ingwall 2007) 

Fisheries Subsistence (Rönnbäck 1999; Samonte-Tan et al. 2007; Glaser and Diele 2004; Islam and Ikejima 2010) 

Aquaculture* (Jurgenne H. Primavera 2005; Rönnbäck 1999) 

Commercial (Aburto-Oropeza et al. 2008; Anneboina and Kavi Kumar 2017) 

Nursery (Mumby et al. 2004; Nagelkerken et al. 2001; Serafy et al. 2015) 

Coastal protection Storm (Hussain and Badola 2005; S Das and Crépin 2013; D. Alongi 2008; Barbier 2015; Mazda et al. 1997; 

Barbier 2007a, 2006; Saudamini Das and Vincent 2009) 

Flood control (Sheng, Lapetina, and Ma 2012; Sheng and Zou 2017; Krauss et al. 2009; Mcivor et al. 2012; Zhang et 

al. 2012) 

Shoreline 

stabilization 

Erosion limitation (Thampanya et al. 2006; Mazda et al. 2002; Kathiresan 2012; Hawkins 2011) 

Sediment 

trapping/build* 

(Victor et al. 2005; Kathiresan 2003; Thampanya et al. 2006; Mcivor et al. 2012) 

Water quality 

maintenance 

Filtration* (Wang et al. 2010) 

Salt water intrusion (White and Kaplan 2017; Möller et al. 2014; M. S. Koch et al. 2015) 

Cultural Tourism (Uddin et al. 2013; Wielgus et al. 2010; Cooper, Burke, and Bood 2009; Samonte-Tan et al. 2007) 

Biodiversity (Ruitenbeek 1994) 

Climate regulation Carbon* (Donato et al. 2011; Suratman 2008; Pendleton et al. 2012; Locatelli et al. 2014) 
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The direct and indirect services selected from the pilot study were modelled in separate experiments.  

Indirect and direct services were modelled separately in accordance with the exploratory nature of 

the study. Due to the lack of information concerning mangrove ecosystem service uses and values 

in Honduras it was decided that we wanted to investigate which services were considered the most 

important both the direct and indirect groupings. In the direct service experiment, participants were 

shown 4 sets, each consisting of 3 of the total 4 attributes (services). In the indirect service 

experiment participants were shown 6 sets each consisting of 4 of the total 8 attributes. Both 

experiments were designed following suggestions in the literature. Erdem, Rigby and Wossink 

(2012) suggest that the number of attributes per set must not exceed 5 items as this has been 

shown to result in heightened confusion in participants. 

Sawtooth Software, (2013) recommends that in order to produce individual-level scores, each 

attribute must be shown a minimum of 3 times during the experiment. Both models were designed 

to satisfy the optimal experimental design criteria described by Sawtooth Software, (2013) achieving 

frequency balance, orthogonality connectivity amongst items and positional balance (Erdem, Rigby, 

and Wossink 2012; Sawtooth Technical Paper 2013). Figure 3.2 demonstrates an example choice 

set from the survey. 

 

 
 Experimental Model  
The choices made by participants in the BWS experiment can be examined according to 

Thurstone's random utility theory (RUT) (1927) to derive relative importance scores for each 

service based on participant preferences for alternatives (Soufiani, Parkes, and Xia 2012; Erdem, 

Rigby, and Wossink 2012). RUT assumes all individuals are “rational decision makers” and when 

asked to choose amongst paired items they will choose those that represent the “maximum 

difference” in importance/attractiveness/preference as they will try and maximise their utility 

(Thurstone 1927; Cascetta 2009; Soufiani, Parkes, and Xia 2012; Erdem, Rigby, and Wossink 
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2012). Utility can thus be used as a measure of preference. In each set, participants will choose 

the pair of items with the greatest difference in utility, allowing for the derivation of probability-

based information (Thurstone 1927; Cascetta 2009). 

 

The formula for the random utility model is as follows (Erdem, Rigby, and Wossink 2012; Kreye et 

al. 2017): 

 

																"#$% = 	'#$% + 	)#$%          (1) 

 

Where "#$% describes the utility that respondent * derives from attribute + in choice set 

, = 						-{1, 2, …3}, and then '#$5  and	)#$% function as deterministic and stochastic components 

respectively (Erdem, Rigby, and Wossink 2012). The stochastic component of equation 1, )#$%, 

allows the researcher to make probability-based comments regarding stakeholder behaviors 

(Erdem, Rigby, and Wossink 2012; Sawtooth Technical Paper 2013).  

  

This study asks stakeholders about which mangrove services they deem the most and least 

important. From this information, we use choice modelling to derive the allocations of relative 

importance made by respondents amongst these services (Erdem, Rigby, and Wossink 2012). 

 

Based on the assumption that decision makers will maximize utility by selecting attribute pairs with 

the maximum utility difference between them (Walker and Ben-Akiva 2002)(Erdem, Rigby, and 

Wossink 2012) (Sawtooth Technical Paper 2013). Scores can then be derived under the logit rule 

which specifies that that the probability of the participant choosing the *th item as “best (or most 

important) from a set containing i through j items is equal to:  

 

Pr (+ is chosen best and 6 is chosen worst) 

													= 	
789:;<=>?	;<@>A

∑ CD
E
F ∑ CD

E
G 789(;<F>?;<G>)?J

        (3) 

 
 (Walker and Ben-Akiva 2002; Sawtooth Technical Paper 2013; Erdem, Rigby, and Wossink 2012) 

For a detailed description as to the calculations used in calculating BWS importance scores please 

see the Sawtooth Technical paper (2013) and Erdem et al. (2012) 

 

3.4 Analysis 
Analysis of the choice data was carried by using hierarchical Bayes (HB) modelling. HB modelling 

allows for the derivation of individual level scores. The data is processed using a probability-based 

rescaling procedure, which involves arbitrary rescaling of the scores to sum to 100 (Erdem, Rigby, 

and Wossink 2012; Sawtooth Technical Paper 2013). The rescaling of raw choice data to a 0-100-

point scale is carried out using the following equation(Sawtooth Technical Paper 2013; Erdem, 

Rigby, and Wossink 2012):  

 

             7K<

:7L<MN?OA
          (4) 
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Here "# is equal to the zero-centred raw logit weights for item *, PQ# is the anti-log of "# and R is 

equal to the number of items shown per set (Sawtooth Technical Paper 2013; Erdem, Rigby, and 

Wossink 2012). These rescaled weights are then transformed to ratio-scaled information allowing 

for accessible scores comparable against one another (Erdem, Rigby, and Wossink 2012; 

Sawtooth Technical Paper 2013). Tests for significance were carried out with regards to the 

differences observed between services and amongst sites. Significance of differences between 

services was tested for using an ANOVA and then significance of differences amongst sites was 

tested for using a Tukey post-hoc test. A Bonferroni correction was used to counteract the problem 

of multiple comparisons. 

 

3.5 Results  
A total of 117 participants were surveyed, a population within which the gender distribution 

amongst participants 38% Female 62% Male participants. The average age of participants was 42 

years. Of the direct services analysed, the subsistence fishery service was consistently considered 

to be the most important (1st) service to the community members across all sites. Perceptions of 

the importance (Ui) of the subsistence fishery service was found to be significantly different across 

all sites (F3,113 = 51.8, P < 0.001). The highest importance score allocated to this service was that 

by community members in Roatan (66.1), followed by Utila (59.9), Cuero y Salado (47.2) and Tela 

(18.2). The perceived importance of this service by members in Roatan was significantly higher 

than that by members at Cuero y Salado (P < 0.001), and Tela (P <0.001), but not Utila (P > 0.05). 

All other pairwise comparisons were significant differences. The commercial fishery service was 

thus deemed to be of secondary importance to the subsistence fishery service by all communities 

with the exception of Tela, where instead building materials were identified as the second most 

important direct service. Perceptions of the importance of the commercial fishery service were also 

found to be significant different amongst communities at the sites surveyed (F3,113 = 16.4, P < 

0.001). The highest importance score allocated to the commercial fishery service was that by 

members at Cuero y Salado (41.4) followed by Utila (29.0), Roatan (25.88) then Tela (18.2). 

 

  

Perceptions of importance with regards to the commercial fishery service in Cuero y Salado were 

significantly higher than those at Utila (P <0.001), Roatan (P <0.001) and Tela (P <0.001). The 

differences amongst communities at Tela and Utila were also significant, whereas difference 

amongst Roatan Utila and Tela were not. The perceptions of the material service were also 

significantly different across sites (F3,113 = 57.5, P < 0.001). Community members at Tela (34.4) 

considered the importance of the materials service to be significantly higher than communities at 

 Cuero y Salado Tela Roatan Utila 

Re
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e 
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e Subsistence fishery Subsistence fishery Subsistence fishery Subsistence fishery 

Commercial fishery Building materials Commercial fishery Commercial fishery 

Building materials Commercial fishery Fuelwood Building materials 

Fuelwood Fuelwood Building materials Fuelwood 
 

Table 3.3 Indirect services displayed by order of decreasing relative importance 
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Cuero y Salado (10.3), Utila (6.3) and Roatan (2.6) where they were generally considered of much 

less importance. Perceptions of the fuel service (F3,113 = 14.6, P < 0.001) were also significantly 

different across the sites although this service was general considered to be of low importance. 

The highest score allocated to this service was that by Tela (10.3) followed by Roatan (5.4), Utila 

(4.6) and Cuero y Salado (1.5). Perceptions of importance with regards to the fuel service were 

significantly higher at Tela than at any other site.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Of the eight indirect services examined in this study, no one service was unanimously allocated as 

either the most or least important across all sites studied (Table 4). When analysed, the differences 

in perceived importance of the different services were significant with the exception of two 

services. The nursery service was allocated consistently high importance scores (F3,113 = 2.5, P > 

0.05) whereas the salt water intrusion service was consistently low (F3,113 = 2.2, P > 0.05). The 

nursery service was allocated the highest importance score in Tela (27.5) and was considered the 

most important service by the community here (1st). The second highest importance score 

allocated to nursery services was that by the community members in Cuero y Salado (24.3) which 

was considered of secondary importance to the Biodiversity service, followed by Roatan (23.3) and 

Utila (21.9) which both considered nursery service to be of secondary importance to the storm 

protection service.  The salt water intrusion service was allocated the highest importance score by 

community members in Cuero y Salado (6.5) where it was ranked 6th, followed by Utila (6.1) where 

it also ranked 6th, then Tela (6.3) where it was ranked 7th and finally Roatan (3.2) where it was 

ranked the least important service to this community (8th).  The remaining services demonstrated 

significant variation in their perceived importance by communities at the sites visited. Several 

services demonstrated stark differences in perception with regards to whether the site visited was 

a mainland or islands site. The storm protection service for example was significantly different 

across the sites surveyed (F3,113 = 67.6, P > 0.01) and was allocated high importance scores by 

Utila (30.1) Roatan (23.3) in contrast to low scores by Cuero y Salado (5.6) and Tela (11.2). In both 

Utila and Roatan the storm protection service was considered the most important service (1st) 

overall, however in Roatan it was considered roughly equal to nursery service which ranked 2nd by 

a marginal difference. In comparison, the storm protection services ranked 4th and 7th in Tela and 

Cuero y Salado respectively. A similar pattern was seen with regards to the erosion service. 

 Cuero y Salado Tela Roatan Utila 
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e  

Biodiversity Nursery Storm protection Storm protection 

Nursery Biodiversity Nursery Nursery 

Tourism Tourism Biodiversity Biodiversity 

Flood prevention Storm protection Water purification Erosion 

Water quality Water quality Erosion Water purification 

Salt-water intrusion Flood prevention Tourism Salt-water intrusion 

Storm protection Salt-water intrusion Flood prevention Flood prevention 

Erosion Erosion Salt water intrusion Tourism 
 

Table 3.4 Indirect services displayed in order of decreasing relative importance as 

designated by the different communities. 
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Perceptions of the importance of the erosion service were significantly different amongst all sites 

(F3,113 = 17.3, P > 0.01) however it was considered more important by communities at the islands 

sites than by the community members at the mainland sites. The highest importance score 

allocated to the erosion service was that by Utila (11.9) where it was ranked 4th, followed by 

Roatan (10.1) where it was ranked 5th. The importance scores allocated for this service by 

community members in Utila were significantly higher than those by members in Roatan (P < 0.05) 

and perceptions at both were significantly higher at both than at Cuero y Salado (3.5) and Tela 

(3.2), where the service was considered the least important services (8th). The converse was seen 

with regards to the tourism service. Perceptions of the tourism service were significantly different 

across sites (F3,113 = 8.03, P > 0.01) however the members of the mainland communities 

considered the service to be of significantly higher importance than those at the island sites. The 

highest importance score was allocated to the service by members in Tela (15.9) followed by 

members at Cuero y Salado (14.6) with the service ranking 3rd at both. The scores allocated for the 

tourism service at Roatan (8.0) and Utila (5.2) were significantly lower where the service was 

ranked 6th and 8th respectively. Perceptions of the biodiversity (F3,113 = 23.5, P > 0.01), water 

purification (F3,113 = 5.60, P > 0.01) and flood limitation (F3,113 = 5.50, P > 0.01) services were also 

found to be significantly different amongst all sites however these represented less of a difference 

in between the islands and mainland sites. The biodiversity service was allocated the highest 

importance score by community members in Cuero y Salado (25.7) where it was considered the 

most important service (1st) but of roughly equal importance to the nursery service (2nd). 

Perceptions of the biodiversity service in Cuero y Salado were significantly different to those at 

Tela (P <0.01), Roatan (P <0.01) and Utila (P <0.01) where the biodiversity was ranked 3rd and, 4th 

and 4th respectively. Perceptions between Tela and Utila (P <0.01) however other pair wise 

comparisons were not. The water purification service was allocated the highest importance score 

by community members in Roatan (13.1) where it was ranked the 4th most important service, 

followed by Tela (9.2) Cuero y Salado (7.9) and Utila (6.9) where it was ranked as 5th unanimously. 

The differences in perceptions between Roatan significantly different to those seen in Cuero y 

Salado and Utila but not Tela. The Flood limitation service was allocated the highest importance 

score by community members in Cuero y Salado (12.0) where it was ranked 4th, followed by Tela 

(8.2), Utila (5.9) and Roatan (5.4) where it was ranked 6th, 7th and 7th respectively. Only 

perceptions of significant differences with regards to this service were those between Cuero y 

Salado and both Roatan (P<0.01) and Utila (P <0.01). 

 

A Bonferroni correction was carried out to adjust for the number of pairwise comparisons made. The 

Bonferroni adjusted p value for the main analysis of variants is 0.00025 and 0.0063 for the direct 

and indirect services respectively. This means that the correction does not change the conclusion of 

any of the main ANOVAs which were found to be significant with uncorrected p values.  

 

3.4 Discussion 
The objective of this study was to examine the perceived importance of several mangrove services 

to coastal communities in Honduras in order to derive information as to their relative importance to 

said communities, and to see if stakeholder perceptions varied across communities. The different 

communities surveyed were found to rank the mangrove services differently with regards to their 
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importance. Also, perceptions regarding the degree to which most services were considered 

important were found to differ between mainland and island communities in addition to amongst 

communities within those geographies. There were however a small proportion of services that 

demonstrated consistency in perceived importance to the different communities. 

 
Direct services 

Perceptions as to the relative importance of the subsistence fishery service were consistent across 

sites and it was ranked as the most important direct service by every community. Importance of 

subsistence fisheries to coastal communities is heavily reported in the literature (B. Walters et al. 

2008; Anneboina and Kavi Kumar 2017; Peter Saenger, Gartside, and Funge-Smith 2013). Here we 

found that allocations of importance (Ui) to the subsistence fishery service differed significantly 

among sites meaning that although it was considered the most valued direct service relative to the 

other services, communities perceived it to be of differing degrees of absolute importance. The 

Community members at the island sites, Utila and Roatan, shared similar perceptions as to the 

importance (Ui) of the subsistence fishery service, with both communities allocating subsistence 

fisheries high importance scores (Ui). Tela and Cuero y Salado also allocated high relative scores to 

subsistence fisheries, however the importance (Ui) scores were significantly lower than those of the 

island sites and significantly different from one another, with Tela having the lowest importance 

score. This is likely representative of the variation in ways that community members benefitted from 

subsistence fisheries at the different sites and It would stand to reason that the difference observed 

between the island and mainland communities is representative of differences in resource access 

and livelihood opportunities. Despite living amongst mangroves, the dependence of individuals on 

mangroves within the communities varied based on their social status. The island communities 

demonstrated a range of mangrove dependency among their members however, for the most part 

they were considerably more economically developed and most users engaged less with mangrove 

resources. In contrast, the majority of individuals in the mainland communities were heavily 

dependent on mangrove resources. Although this might lead one to believe that the mainland 

communities would prescribe more importance to the subsistence service, the difference observed 

is a result of a wider and more even distribution of importance across the services by mainland 

community members. A greater proportion of island community members were not heavily 

dependent or dependent at all on the other direct services so for island communities the trade-off 

was easy. Community members at Cuero y Salado were almost exclusively fishermen who fished 

collectively as a community to feed themselves and their families, which is reflective in their allocation 

of almost equal importance levels (Ui) to the subsistence and commercial fishery services. 

Participants from Tela instead distributed importance between the subsistence and material services 

and allocated a significantly lower importance score to the commercial fishery service than Cuero y 

Salado. The differences in relative importance in Cuero and Tela will be related to community 

specific variation in uses of the mangrove.  Although community members in Tela were also 
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predominately fishermen, this community predominately earns income from domestic tourism, much 

of this primarily associated with showcasing of artisanal huts made of mangrove product (Loperena 

2012). With the exception of Tela’s use for artisanal construction materials, the mangrove materials 

service was generally considered of little importance by mangrove stakeholders on the Caribbean 

coast of Honduras, which contrasts to what is seen elsewhere globally and even in the Southern part 

of the country (Dewalt, Vergne, and Hardin 1996; Stonich 1995). This may be explained by local laws 

which prohibit destructive use of mangroves (Windevoxhel, Rodríguez, and Lahmann 1999) and the 

prevalence of better alternatives (e.g. buttonwood, Gabb, unpublished data). The same was seen 

with regards to perceptions regarding the use of mangrove wood as fuel. While globally there is a 

high reported use of mangroves as fuel for cooking and charcoal making (B. B. Walters 2005; 

Dahdouh-Guebas et al. 2000) none of the communities in this study used mangroves as cooking fuel 

and interpreted the questions as an inquiry as to mangrove wood use as fuel for campfires (i.e. 

recreational use, Gabb, unpublished data). Communities on the islands had access to electricity and 

gas whereas mainland participants used either petroleum or portable gas stoves for cooking. 

 
Given the responses and the importance scores with regards to the subsistence and commercial 

fishery mangrove services, management approaches in these areas could focus on the importance 

of mangrove fisheries. Consideration of mangrove use for fuel or materials would not likely have a 

significant impact on management for these communities. However, as for all management, site 

specific factors, such as Tela’s use of mangrove materials for tourism construction, must be 

considered. 

 
Indirect services 

Overall, perceptions of the relative importance of each indirect service varied significantly by site. No 

one community ranked the services in the same order as another. However, some perceptions of 

individual mangrove services were shown to be consistent across all sites. Community members at 

all four sites had similar perceptions as to the degree to which they perceived the nursery and 

saltwater intrusion services as important (both relative and Ui) and the differences in importance 

scores allocated at each were found not to be significantly different. The nursery service was 

consistently allocated high importance scores and as a result was considered as either the most or 

second most important service at every site. The mangrove nursery service has been heavily 

reported in the literature and is widely acknowledged to have significant ecological, economic and 

socio-cultural importance (Aburto-Oropeza et al. 2008; Anneboina and Kavi Kumar 2017; Mukherjee 

et al. 2014). Several publications have documented the crucial support of adjacent ecosystems by 

mangroves as they act in sheltering juveniles that go on to restock populations in seagrass meadows 

and coral reefs (Nagelkerken et al. 2000, 2008; Mumby et al. 2004). With regards to the economic 

importance of mangrove nurseries, many publications have used valuation techniques to derive the 

utility of this ecosystem function to the fishery industry (Barbier 2007; Anneboina and Kavi Kumar 

2017; Aburto-Oropeza et al. 2008). The socio-cultural relevance of this nursery service however, is 

often mentioned as significant (Anneboina and Kavi Kumar 2017; Peter Saenger, Gartside, and 

Funge-Smith 2013; Glaser 2003) yet there have been no studies actually documenting or meausing 

this. Consistency in perceptions of this service are interesting because they means that in this region, 

not only do expert opinions match that of local people  (Mukherjee et al. 2014) but perceptions of 
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local people are consistent with the high monetary values attributed to this service by economic 

valuation studies (Salem and Mercer 2012; Brander et al. 2012). While there is often little agreement 

among social, economic and ecological valuations of ecosystem services, mangrove fisheries seem 

to stand out as a consistent agreement and should therefore be an important target, and unique 

opportunity, for novel management approaches and incentive schemes. 

 
The widely perceived importance of the nursery service throughout the communities was likely 

contributed to by an awareness of the majority of individuals surveyed as to the links between 

functional mangrove forest function and offshore fisheries. Existence of this awareness is indicative 

of successful efforts by the local NGOs, present in each of the communities, to educate stakeholders. 

Perceptions of the saltwater intrusion service were representative of an opposite trend however, as 

it was consistently considered of very little importance by members of each community. Mangroves 

aid in preventing saltwater intrusion into soils and further onto land, whilst essentially acting as the 

last line of defence for adjacent ecosystems (White and Kaplan 2017; Möller et al. 2014; M. S. Koch 

et al. 2015). The Saltwater Intrusion protection service has been deemed import by experts opinion 

(Mukherjee et al. 2014) however, as highlighted by Mukherjee et al. (2014), the service has not been 

the subject of any economic valuation studies and as an individual ecosystem service it has not been 

widely been studied. It could be that this service was generally considered unimportant however it is 

more likely that this perception is a result of limits in the understanding of stakeholders. This is 

evidenced by comments of islands participants who said it would not matter if salt water 

contaminated their ground water as the islands plants were accustomed to high salinity (Gabb, 

unpublished data), which is incorrect and shows failure to appreciate the detrimental effects of water 

table contamination. Similarly, the flooding and water purification services generally had low scores 

but in contrast did not show any clear pattern among the communities. 

 

It is worth noting that stakeholder understanding of ES is a highly influential variable in BWS. 

During data collection for this study it became evident that a lack of understanding by participants 

could introduce bias into the experiment. For example, if participant understanding of a particular 

service is incomplete the participant may assume that the service is unimportant, or on the 

contrary, participants may assume that the service is very complex and thus important. Lacking 

understanding could lead participants to choose a service over another they deem more important 

or even completely ignore the service. From a wider perspective, this issue highlights a more 

general flaw in the ES and valuation frameworks. The entire premise of these concepts is that ES 

and valuation are meant to create communication between stakeholders at all levels, yet this study 

shows that in general direct users of ES will most likely have incomplete understanding of the ES 

their ecosystems will provide. This implies that education programs and public outreach are an 

important first step that should be implemented long before there is any need for valuation. In light 

of this, the researcher suggests that any future applications of BWS as a means investigating 

attribution of importance to ES by stakeholders must take additional steps to ensure complete 

understanding by stakeholders. The researcher’s suggestions of best practise to achieve this goal 

would to use preliminary interviews in a focus group setting to first test stakeholder understanding, 

then hold a short workshop on the relative services and finally carry out the choice experiment. In 

addition to eliminating bias, this process would generate useful information regarding community 
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understanding that could help guide education projects by local NGOs. Execution of this method 

was not feasible for this study however it is earmarked for use in future studies by the researcher.   

 
Perceptions of the storm protection, erosion and tourism services were found to differ significantly 

between the island and mainland communities. Perhaps the most notable example of this trend is 

the variation in perceived importance of the storm protection service. The storm protection service 

was considered significantly more important by members of the island communities than it was by 

members of the mainland communities. This difference is representative of variation in how coastal 

communities benefit from mangrove services as an effect of their geographical positioning and 

resulting exposure to environmental conditions. The Caribbean is vulnerable to hurricanes and the 

last one to hit Honduras was hurricane Mitch. Hurricane Mitch caused extensive destruction 

throughout Honduras, killing thousands (Cahoon et al. 2003). The third Bay Island, Guanaja was hit 

hard and virtually all of its mangrove forest was destroyed (Cahoon et al. 2003). Cuero y Salado on 

the mainland, would have been more sheltered, which was likely to have affected their perceptions 

of this service however, the communities in Tela attributed storm protection low importance scores 

as well. When asked about this service many participants commented that although they realised 

the importance of the storm protection service, storms were a rare occasion and that they considered 

the consistent provision of other services to be more important. These results are indicative of the 

potential for perceptions of ecosystem services to very spatially and temporally, variation that is a 

necessary consideration if we are to implement social valuation into management (Koch et al. 2009). 

Interestingly, although  Guanaja  was  heavily  impacted  by  Hurricane  Mitch,  Roatan  and   Utila 

experienced significantly lesser degrees of damage than the mainland, although the storm did have 

longstanding impacts on water provision after the event. Community members at the islands sites 

however, felt strongly about the importance of storm protection service, many referring to the 

destruction that happened on Guanaja and highlighting the greater deficit of mangroves in their own 

communities. It would stand to reason that these results are thus indicative of the power of 

experience and even second-hand experience to alter perceptions in stakeholders and social 

similarities among island communities may cause idea transference of the danger experienced by 

other islands. There is also the possibility that in major incidences like hurricanes rescue efforts and 

relief may be provided far faster to mainland communities and thus they may feel less effected by 

storms, for example with regards to hurricane Mitch, the Bay Islands were without running water for 

3 days post storm (Harborne, Afzal, and Andrews 2001) 

 
Perceptions of the erosion limitation service of mangroves showed a similar trend. Again, island 

community members perceived this to be more important than those in mainland communities. With 

regards to the communities surveyed in this study, this difference appears to be largely a result of 

experience as described with the storm protection service, but also influenced by the importance of 

tourism as the primary industry of the islands. Island communities referred to situations where 

mangrove forests have been cleared in the past resulting in the loss of popular tourist beaches due 

to erosion. Participants made comments regarding how “there was only so much island you could 

lose” (Gabb, unpublished data). Similar perceptions were expected on Tela for the same reason 

however the mangrove system here is lagoonal and is positioned off shore behind local housing (and 

thus offers little erosion protection to those houses). 
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Perceptions of the tourism service were also found to differ between the island and mainland sites, 

however with this service the trend was reversed. The tourism service was perceived to be more 

important by members of the mainland communities than it was members of the island communities. 

This is likely a result of the different tourism industries at the sites visited. Utila and Roatan are 

international tourist destinations heavily involved in the reef diving market, Roatan providing up- 

market, leisure opportunities and Utila being an international backpacking hotspot (Canty 2007). 

Although mangroves will maintain these industries indirectly through the maintenance of reefs and 

beaches, tourism specifically related to mangroves, such as wildlife tours, were scarce and of 

secondary importance. Both islands offered mangrove tours however these were not close to the 

island communities surveyed and not the primary source of tourism these community members were 

accustomed to. The mainland sites on the other hand had a mangrove related tourism infrastructure, 

in which many community members had constituent roles. Tela bay is primarily a tourism hotspot for 

domestic tourists and is surrounded by national parks (Loperena 2012; Mollett 2014). The site thus 

offers a variety of natural ecosystems for tourists to visit and organises mangroves tours by kayak 

for visitors to travel through the forests and visit the surrounding national parks (Jeannette Kawas 

and Izopo National Parks). Thus, mangroves here provide an additional source of income for 

community members that otherwise fish. Cuero y Salado are primarily a fishing village (McCool and 

Moisey 2008) that live amongst mangroves but also provide ecotourism destination for small number 

of tourists. Cuero y Salado was the first protected reserve established by Ramsar in Honduras and 

is a designated wildlife refuge (Snarr 2005). Mangrove tours to see various monkey and bird 

specieswere popular here and the site also offers occasional opportunities to see manatees (Snarr 

2005; González-Socoloske, Taylor, and Thompson 2011). Both mainland communities provide 

nature and environmental themed tourism and this is likely to be a driver in the difference seen 

between the mainland and islands communities with regards to the tourism service. 

 
Differing perceptions as to the importance of biodiversity between the island and mainland sites were 

also likely a result of the presence of eco-tourism infrastructure. In the wider, economic valuation 

literature valuations of the biodiversity service of mangroves is limited (Salem and Mercer 2012). 

This is likely due to the complexity of the concept and the term itself (Laurila-Pant et al. 2015). 

Economic valuations that have attempted to assign monetary values to the biodiversity service of 

mangroves have largely focused on the goods and resources that the service can provide (i.e. 

potential pharmaceuticals or technologies). In contrast, this study attempted to examine the 

biodiversity service of mangroves from non-material perspective, instead describing biodiversity as 

an aesthetic benefit, as an opportunity to see “different plants and animals”. Interestingly, although 

allocations of importance (Ui) varied across the sites, the service was consistently ranked within the 

top 4 services at each site, being deemed the most important service to community members in 

Cuero y Salado, second most to members in Tela, then 3rd for both Roatan and Utila. Although 

perceptions of the importance of the biodiversity service examined in this study are likely to have 

been influenced by tourism at the sites (as evidenced by the higher scores at Cuero y Salado and 

Tela), community members at all four sites expressed strong feelings with regards to this service. 

Many participants described positive effects related to being able to see various species associated 

with the mangroves. Participants in Utila for example described positive experiences associated with 
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seeing an endemic species of mangrove dwelling Iguana, with which participants had strong cultural 

connections (Gabb, unpublished data). Participants in Roatan described the relaxing effects of 

being close to nature in the mangroves and seeing many of the associated bird species. Mainland 

participants made comments as to the need to respect mangrove associated species as they 

shared a home. From a wider perspective, these findings concur with opinions in the valuation 

literature that believe it is important to look social values and include non-material benefits in 

valuation (Small, Munday, and Durance 2017; Kelemen et al. 2014; Gómez-Baggethun et al. 2014). 

 

3.5 Summary 
The management of marine ecosystems such as mangroves is shifting towards integrated 

approaches inclusive of different stakeholder types (Carter, Schmidt, and Hirons 2015). For 

integration to function however we need to further our understanding of how people perceive 

ecosystem services and how said perceptions can change amongst communities and stakeholder 

types. Overall these results indicate that the importance attributed to mangrove services can differ 

among communities and be affected by the relative geographies of communities. They also indicate 

how diverse mangrove stakeholders are (Small, Munday, and Durance 2017) and suggest that we 

need to successfully type and consider them all (Hicks, Graham, and Cinner 2013; Small, Munday, 

and Durance 2017; Gómez-Baggethun et al. 2014). Dwindling fishery resources have seen calls by 

fishermen for stricter protection regulations (Korda, Hills, and Gray 2008), however issues caused 

by lacking capacity for protection (Lugo, Medina, and McGinley 2014) mean that making regulations 

stricter is unlikely to elicit significant change. Overall, the communities interviewed generally 

showedgood understanding of the importance of mangroves (similar observations by (Korda, Hills, 

and Gray 2008)) indicating the Caribbean coast of Honduras could have potential for community-

based conservation initiatives. Consistency in perceptions with regards to the nursery service is 

could indicate promising foundations for incentive schemes central to fisheries maintenance by 

fishermen. The lack of understanding of certain services (e.g. salt water inundation service) show 

that local NGOs could benefit from instigating addition education campaigns to facilitate better 

community participation and raise public awareness, ultimately increasing changes of successful 

management programs (Carter, Schmidt, and Hirons 2015). 

 

3.6 Conclusion 

This aim of this study was to examine how different communities value mangrove services and to 

investigate potential variation in perceptions of mangrove service importance at the community level. 

The main finding of this study was that consistencies do exist between mangrove services 

considered highly economically important and those considered highly important from a social 

perspective. The study has demonstrated that ecosystem services in mangroves do have socio-

cultural value that thus compound upon their ecological and economic values. This study has also 

clearly shown that although perceptions of certain services may be consistent across communities, 

perceptions as to the importance of others can change amongst communities and is also affected 

by the relative geographies of those communities. These findings suggest the potential for broad 

national marine management schemes in Honduras, centred around the services that are 

consistently valued across communities (i.e. fishery related). The results do however highlight the 

significance of considering site specifics in ecosystem management and thus suggest the 
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importance of within management efforts as a means of limit conflicts and loss of livelihoods to 

ultimately increase changes of success. 
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Chapter 4 

General discussion 

4.1 Summary 

As human populations continue to rise, increasing demands are being made of global ecosystems 

for their natural resources, and unsustainable use is causing widespread degradation. Lessons from 

past conservation efforts have highlighted the necessity for movements away from traditional, top 

down efforts following the preservationist approach (e.g. National Parks and Marine Protected 

Areas), and move toward more integrated, bottom up approaches (Bennett and Dearden 2014; 

Muhumuza and Balkwill 2013; Meyer and Carleton 2016; Gaymer et al. 2014). Integrated approaches 

to environmental management are typically characterised by public participation and multi-sector 

collaboration, aligning efforts of conservation with development rather than against it (Johnson, 

Poulin, and Graham 2003; Carter, Schmidt, and Hirons 2015; Reed et al. 2016). Transitions towards 

increased integration in management has given rise to concepts such as the “Ecosystem Service 

Concept” (ESC), to serve as a central framework (MEA 2005). The ESC involves the utilitarian 

framing of ecosystem functions as ‘services’ in order to better represent societal dependence on 

ecosystems and thus create a common reasoning toward ecosystem conservation amongst different 

types stakeholders (Chapin et al. 2000; Costanza et al. 2014; Abson and Termansen 2010; B. Fisher 

and Kerry Turner 2008; Braat and de Groot 2012). Attempts to facilitate better communication 

amongst the different stakeholder groups involved in environmental management has given rise to 

an ESC associated tool referred to as the valuation of ecosystem services (Cornell 2011; Lele et al. 

2013; Costanza et al. 2014; Norgaard 2010). Thus far, development of methods for ecosystem 

service valuation have primarily focused on the application of monetary units to ES, an approach 

called the monetary valuation of ES (MVES) (Norgaard 2010; Costanza et al. 2014; Gómez- 

Baggethun et al. 2010). MVES involves the designation of hypothetical prices to ES as a means of 

demonstrating their true values to decision makers in a language readily applied to land-use 

decisions, thus closing a gap between managers, ecologists and decision makers. This tool has 

gained significant momentum following seminal works by Costanza, (1997) and Daily (1997) and has 

since been widely adopted into academic circles (Lele et al. 2013; Cornell 2011). Unfortunately, 

despite successfully bridging significant communication gaps between managers and decision 

makers, use of the ESC alongside MVES is characteristic of a top-down approach, as it excludes 

local stakeholders, thus ultimately failing the objectives of integration. This has led to criticism 

regarding its relative one-dimensionality (Gómez-Baggethun et al. 2014), which has in turn brought 

about efforts to develop social or non-monetary valuation frameworks greater value plurism in 

valuation (Kelemen et al. 2014; Kenter et al. 2015; Christie et al. 2012; Chan et al. 2012). Use of 

said methods increases public participation and allows the opinions and knowledge of local 

stakeholders to be voiced and considered. At present, significant discourse remains as to how to 

effectively use ESC and valuation in conservation management to limit value conflicts and increase 

chances of successful implementation (Seppelt et al. 2011; J. Fisher and Brown 2014; Laurans et al. 

2013; Small, Munday, and Durance 2017; de Groot et al. 2010). In light of current discourse, we 
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believe that suggestions by Gómez-Baggethun et al. (2014) of an integrated value framework to 

consider a diversity of values have serious potential in conservation management. 

 
Mangrove forests are an ecosystem that exhibit extensive degrees of stakeholder engagement, 

providing local communities with subsistence and livelihood opportunities (Walters et al. 2008; 

Hussain and Badola 2010) as well as supporting local and regional economics (Aburto-Oropeza et 

al. 2008; Anneboina and Kavi Kumar 2017) and adjacent ecosystems (Mumby et al. 2004; 

Nagelkerken et al. 2008), and thus provide ES with plural values to a diversity of stakeholders and 

varying levels. These forests provide an exemplary system of the need to consider the different types 

of value if this framework is to be used in integrated approaches to forest management. The objective 

of this study was thus to explore the use of the ESC framework and valuation in mangrove systems, 

in light of the contemporary discourse surrounding it’s potential and limitations in the wider literature. 

 
Chapter 2 examined the use of MVES in mangrove systems by providing an extensive literature 

review of all reported monetary values assigned to mangrove forests or their services. The primary 

objective of this part of the study was to provide an investigation and an update as to trends of MVES 

use in the mangrove literature and to supplement findings in prior reviews by Brander et al., (2012), 

Salem and Mercer, (2012) and Mukherjee et al., (2014). The trends and gaps revealed in this review 

were then examined in light of the aforementioned discourse, aiding in supplementing the extent 

literature by taking a closer look at the issues that must be addressed before ESC and valuation can 

be used in mangrove management. Overall, review of the literature revealed that, with regards to 

mangrove ecosystems, MVES use is primarily of a communicatory nature, which many comment is 

the way the MVES was intended (Norgaard 2010). In a review of the wider scope of MVES, Laurans 

et al., (2013) defined three categories of MVES use: decisive, technical, and informative use. Laurens 

(2013) described decisive use of MVES in aiding in decision making, assisting trade-offs, in addition 

to use as an environmental monitoring unit and as a negotiation tool. Technical use in design of a 

management instruments is defined as price-setting and determining damage compensation 

(Laurens, 2013). Informative use as described by Laurens (2013) involved raising awareness and as 

measurements for justification and support. Review of the literature demonstrated use of MVES with 

regards to mangroves is primarily informative. We would argue that due to the location of the majority 

of mangrove forests in lesser developed countries where conservation is not a top government 

priority, use of the tool in this way is valid. However, the limitations to implementation of MVES are 

not applicable to use of the tool in this way. The other modes of use described by Laurens are 

representative of true integration into management, where the issues described in this thesis act as 

to limit the effectiveness of MVES. Said limitations were reflected in the results of chapter 2, the more 

notable being the lack of representation of cultural values and non-material benefits, value conflicts 

between services of low economic value but high social value (e.g. building materials and 

subsistence fisheries), and vice versa, as well as the deficit concerning ecological values and proper 

utilisation of ecological research. These limitations are central to discussions regarding the relative 

one-dimensionality of MVES, in which concerns are raised as to the capacity for studies to capture 

all types of value in monetary units. Chapter 2 thus demonstrates support for calls in the wider 

literature as to the necessity of value plurism in ecosystem service valuation if the tool is to be used 

in mangrove management. An additional significant finding made in this part of the study was   that 
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there is a notable deficit with regards to valuation studies concerning mangroves of the AEP region 

when compared to the IWP region (specifically Africa, Latin America and the Caribbean), a deficit 

further demonstrated with regards to the mangrove inhabited countries in the IWP region that are not 

Southeast Asian. In light of the discussions here as to the limitations of valuation, this gap may seem 

insignificant. It is the case however that in reviewing this literature it has become clear that MVES 

studies of mangroves such as those examined in this study make up the majority of peer-reviewed 

reports concerning the different services that mangroves are providing worldwide. It is thus vital that 

we fill the gaps pertaining to Africa, Latin America and the Caribbean though perhaps future studies 

would benefit from using a variety of valuation methods in a truly interdisciplinary approach for 

capturing plural values. 

 
The study in Chapter 3 we attempted to employ non-monetary methods in order to examine the ways 

in which local stakeholders valued mangrove services. Participants from mangrove dependent 

communities at four different sites on the Caribbean coast of Honduras were asked to complete a 

choice experiment in MaxDiff format. The experiment involved selecting which mangrove services 

they deemed the most and least important to themselves from a list of predetermined services. 

Analysis of these choice sets derived a ratio-scaled importance score for each of the services 

examined, providing (1) information as how important the services were considered in relation to one 

another (2) how these perceptions differed amongst the communities surveyed. One overarching, 

particularly significant finding from this part of was that (with the exception of the nursery and 

saltwater intrusion prevent services), perceptions as to the importance (or socio-cultural value) of 

services were shown to vary amongst sites, in addition to being affected by the relative geographies 

of the communities (island vs. mainland). The study found that mangrove users with higher levels of 

mangrove dependence (based on relative social status) demonstrated a more even distribution of 

importance across direct mangrove services. The consistencies observed with regards to 

perceptions of the nursery service were particularly interesting as this service can thus be considered 

one of high social, economic and ecological value offering potential as the base for valuation focused 

management schemes as all values are consistent. In addition, despite showing variation amongst 

the sites importance scores for the subsistence and commercial fishery services were consistently 

high which could indicate potential for fishery-based community management schemes. Although 

this study reports consistencies in the nursery service, the variation in perceptions amongst 

communities as to the other services examined demonstrates that consideration of site-specificity is 

crucial in implementing management schemes. The results pertaining to the high importance scores 

for the building material services attributed by community members in Tela are particularly 

demonstrative of this point. Use of the non-monetary methods in this study allowed us to capture 

high values pertaining to a service that may have otherwise been overlooked due to its low market 

value. Failure to recognize and consider site-specific values held by local stakeholders such as those 

by Tela, provide opportunity for value conflict and thus reduce overall chances of conservation 

success. These comments are further evidenced by the clear variation between perceptions held by 

island communities compared to mainland communities that indicate effects of community 

geography on community perceptions. In cases such as that of the storm protection service, island 

community members considered this service to be highly valuable whereas mainland community 

members did not.  Storm protection is heavily  reported  as  important  in  the  literature however 



90  

implementing a management schemes focused around this service would allow for value conflicts 

as members at the mainland sites would fail to understand and appreciate the value of the service. 

Similar can be said with regards to perceptions of the biodiversity service in this study. In this context 

biodiversity was defined as an opportunity to observe nature, one that many participants expressed 

strong positive feelings towards. Values such as these cannot be captured in monetary units however 

it is clear that in this case biodiversity in this context was very important to stakeholders (consistently 

ranked within the top 4 most important services). Overall, use of non-monetary methods in this study 

have demonstrated the existence of values outside of the economic paradigm and demonstrated that 

the importance of services to stakeholders can vary amongst communities and affected by the 

relative geographies of said communities. It would stand to reason that the results of this study 

indicate strong potential for a national mangrove management scheme in Honduras (perhaps based 

around fisheries) however flexibility within this would be needed to accommodate different 

stakeholders. 

 

4.2 Conclusion 
 

This thesis explored the use of ESV in assessing the importance of mangrove ecosystem 

services, first reviewing the existing literature concerning their monetary valuation in 

chapter 2, followed by experimental use of a non-monetary technique for their valuation in 

chapter 3. The review in chapter 2 demonstrated an increasing prevalence of monetary 

valuation use in mangrove service studies, in addition to highlighting various biases present 

in said literature. More specifically, chapter 2 revealed strong biases with regards to world 

regions studied, services valued and consequently, methods used. These trends imply that 

other than perhaps introducing previously unvalued mangrove systems to the academic 

arena, said monetary studies are only adding to what we already know of mangrove 

service values and offering limited insight into the values of other, less tangible services. 

Valuations of mangrove storm protection and fisheries for example have been exhausted 

whereas various cultural services or the biodiversity service remain underrepresented. The 

underrepresentation of such services in the literature is a result of their inherently intangible 

nature, making them difficult to fit within the economic paradigm. It is the case however that 

in neglecting to study and report their values, whilst actively choosing to continue reporting 

on the monetary value of others, we are providing an incomplete picture of mangrove 

ecosystem worth. Not only that but we are also perpetuating the idea that these services 

with more inherently social values are insignificant when in reality, social perspectives tend 

to be strong underlying drivers of both positive and negative environmental behaviours and 

thus can be key to the success of conservation schemes. For this reason, we chose to 

explore the values of several mangrove services from a social perspective in chapter 3. 

The main finding in chapter 3 was that consistencies between economic and social values 

do exist. Services such as the nursery and storm protection services were considered 

highly important across all sites, although the order by which differed with community. 

These results were to be expected however interestingly, the biodiversity service was also 
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consistently thought to be highly important. These results demonstrate the importance of 

site-specific management plans rather than national blanket regulations but also confirms 

that monetary valuation alone cannot offer a complete picture of mangrove values. Overall 

the results of this thesis support the idea that we cannot rely solely on monetary valuation 

to demonstrate the worth of an ecosystem. If we are to continue using ESV in mangroves 

we need to develop a multi-value framework that looks at biological, social and economic 

values of ecosystems rather than continuing to report new monetary mangrove values. 

Although one could argue that revisiting the monetary value of well-studied services in 

previously unstudied sites could help attract attention of governmental bodies specific to 

the relative areas, we have to consider whether doing so represents the best and most 

efficient use of limited conservation resources. Several authors have critiqued monetary 

valuation methods and expressed concern regarding their accuracy and reliability. This in 

combination with the limitations discussed here suggests that if we do want to attract 

governmental attention perhaps we could just use benefit transfer methods to derive values 

from similar, previously valued mangrove systems. It is also worth considering whether 

focussing on valuation as a whole is worth the effort. Ultimately with a perfect framework 

we will still just be placing a value on a system, one that won’t be attainable in any way by 

local, ground-level stakeholders. The problem here is that in doing this valuation remains a 

top down approach rather than the integrated tool it had hoped to be. We need to consider 

if rather than focusing on a framework for placing values we should instead be looking at 

how valuation methods, monetary, social or biological can derive information about how 

people values ecosystems that can be used to aid management through the creation and 

engineering of problem, site and community specific management schemes and education 

programs. Future work may look at how cultural services compare to economically 

important ones and look at how choice experiments exploring social values can better help 

managers.  
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