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A B S T R A C T 

Mangroves in Tobago face challenges from anthropogenic disturbances such as pollution, fragmentation 

and cover loss through conversion to alternative uses for economic development. However, mangroves also 

provide a wide range of use and non-use benefits or ecosystem services (ES) to the residents of Tobago. In 

this study 36 key informant interviews and two focus group discussions were undertaken to identify current 

uses, challenges, and future opportunities for the mangrove areas, particularly in South-West Tobago. The 

key informant interviews involved various stakeholder groups that have a vested interest in the use of the 

mangrove. The two focus-group discussions were done with residents and fishers. NVivo 12 was used in 

the qualitative analysis to code the data on ES uses, challenges and opportunities. Current ES uses (direct 

and indirect) identified include forestry products, crab and shellfish, recreation, scientific research, water 

purification and coastal protection. Non-use (bequest and existence) benefits identified include the 

aesthetics, biodiversity and habitat. Option and future-uses opportunities include more developed eco-

tourism ventures, sustainable development, an exploration of the viability of tannin extraction and further 

employment opportunities from the provision of fisheries products to the growing tourism sector on the 

island. 

© 2023. Hosting by The Caribbean Agro-Economic Society. All rights reserved.    

 

1. Introduction 

Mangroves comprises of intertidal trees and shrubs that are found on 

tropical and sub-tropical coastlines and are approximately found within the 

geographic bounds of 30° North and 30° South latitude. (Friess 2016; 

Spalding, Blasco, and Field 1997).  As Table 1 shows, there are a wide 

range of mangrove ecosystem services (ES) or benefits that can be valued 

and considered in societal welfare and decision-making by authorities. 

These mangrove benefits include but are not limited to, first, goods for 

direct extraction such as forestry and fishery products (Uddin et al. 2013; 

Hutchison, Spalding, and Zu Ermgassen 2014). Second, as a buffer against 

natural disasters such as storm and tidal surge protection for coastal 

communities and the wider society (Alongi 2008; Das 2022; Das and 

Vincent 2009). Third, the global good of carbon sequestration and storage 

or “blue carbon” provided by the mangroves is comparatively higher than 

that of terrestrial forests (Elwin et al. 2019; Alongi 2020).  Fourth, 

mangroves can mitigate the impacts of coastal flood damage, erosion and 

water flow regulation due to its root structure that helps with sedimentation 

(Barbier 2016; Spalding et al. 2014). Fifth, biodiversity of flora and fauna, 

is expected to be greater in the mangrove and may provide humans with 

benefits such as productivity (Uddin et al. 2013; Corte et al. 2021). In 

Trinidad, the Scarlet Ibis which is the national bird and an environmentally 

sensitive species roosts in the Caroni Swamp and provides an opportunity 

to attract people for eco-tourism tours and recreation (Ebersole 2018). 

 

Table 1 - Mangrove ecosystem services (derived from Kathiresan, 

2012) 

Ecosystem 

Service 

Classification 

Some Benefits 

Provisioning Fishery products (e.g., crab, fish, mollusc and 
prawn), Forestry products (e.g., charcoal, firewood, 

tannin and timber), fuel and fresh water. 

Regulating Carbon sequestration and storage, coastal erosion 

protection, natural disasters buffer (e.g., hurricanes, 

storms and tidal surges), screening solar Ultraviolet 

radiation, flood and water flow regulation, sediment 

trapping, water purification. 

Supporting Habitat for species (e.g., for endemic and migratory 

birds, mammals, amphibians, insects, fish nurseries), 
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Ecosystem 

Service 

Classification 

Some Benefits 

genetic diversity of organisms, trapping and 

recycling nutrients. 

Cultural Aesthetics, education, heritage value, inter-

generational, tourism activities and recreation. 

 

Mangroves also face many threats globally such as deforestation, 

conversion to aquaculture and agriculture, urban development, industrial 

activities, pollution, tourism and natural disasters (Friess et al. 2019; 

Spalding et al. 2021). Mangrove losses are most prevalent in two regions 

around the world, Southeast Asia at 6% and the Americas (North and 

Central) and Caribbean at 7% net loss rates (Polidoro et al. 2010; Spalding 

et al. 2021). First, pond aquaculture via shrimp and fishponds affects 

waterflows, lowers mangrove cover, reduces water quality, lowers carbon 

stocks and disturbs natural food chains and the negative effects have been 

recorded in countries across southeast Asia like Thailand (Alongi 2002; 

Elwin et al. 2019; Primavera 2006). Second, agricultural practices are 

known to incur large-scale mangrove removal, having negative impacts on 

mangrove regenerative capacity as observed in Myanmar (Rice cultivation) 

and Indonesia (Oil Palm) (Richards and Friess 2016; Beymer-Farris and 

Bassett 2012). Third, urban development also encroaches on mangrove 

habitats and India recorded approximately 40% mangrove losses to 

agriculture combined with urban development (Upadhyay, Ranjan, and 

Singh 2002; Polidoro et al. 2010). Fourth, pollution, such as industrial 

effluent, oil and pesticide runoff diminishes mangroves ES and health with 

cases reported in the Caribbean (e.g., Cuba, Jamaica, Puerto Rico and 

Trinidad and Tobago) and Latin America (e.g., Belize, Columbia and 

Nicaragua) (P. Bacon 1993; FAO 2007; Schleupner 2008). Fifth, Caribbean 

islands that depend heavily on tourism have undergone large scale 

conversion of mangrove sites (e.g., Barbados and Martinique) (Schleupner 

2008; FAO 2007). Finally, natural disasters such as hurricanes have 

destroyed mangroves, for instance Hurricane Irma in 2017, led to 

approximately 90% of mature mangrove losses in the British Virgin Islands 

(Moore 2018; Imbert 2018). 

The many reported benefits and challenges facing mangrove sites, led 

to the overarching research question, using the island of Tobago as a case 

study, that endeavours to determine which mangrove ES, challenges and 

future uses are most recognised by the local residents and other stakeholder 

groups. The ES can be both use and non-use and are characterised using the 

total economic value (TEV) framework (Dixon and Pagiola 1998). To 

answer the research question, qualitative analysis using NVivo 12 

investigating stakeholders’ perceptions are done. Using a Grounded Theory 

(discussed further in the Methods) approach this allows to compare 

important stakeholder perceptions to the uses, challenges and prospects 

raised in the literature review. Specifically, 1) the topic frequency of 

Tobago’s residents and stakeholder groups mentioning the challenges 

affecting mangroves are categorised; 2) the topic frequency of Tobago’s 

stakeholders mentioning mangrove uses and prospects are classified using 

the TEV framework; and 3) consider the potential implications of findings 

on mangrove uses and research.  

1.1. Understanding ecosystem services and the total economic value 

framework 

The term ecosystem is a good starting point to understand ecosystem 

services (ES). The ‘ecosystem’ originated in 1935 by Tansley to develop 

the understanding of the entire system in which organisms interact to 

include the organic physical, habitat and inorganic factors. This was done 

to emphasize that organisms do not only interact amongst themselves but 

between the organic and inorganic factors (Tansley 1935). The term ES, 

first coined by Paul and Anne Ehrlich in 1981 integrated natural and social 

science in economic and sustainable development due to environmental 

pollution and limited resource availability (Braat and de Groot 2012). The 

definition of ES is continuously evolving in literature and depends on its 

context of use such as whether it is for an economic or ecological basis. For 

instance, the Intergovernmental Science-Policy Platform on Biodiversity 

and Ecosystem Services (IPBES) is continuously assessing the knowledge 

on biodiversity and ES and their linkages for the values that nature provides 

to humankind (Pascual et al. 2017; Díaz et al. 2015; IPBES 2019).  

There are many definitions of ES, however it can be characterised 

threefold. Firstly, as the ‘...conditions and processes through which natural 

ecosystems, and the species that make them up, sustain and fulfil human 

life (Daily 1997).’ Secondly, it refers to the benefits humans derive from 

ecosystem functions directly and indirectly (Costanza et al. 1997). Finally, 

it is the factors of ecosystems used to derive human well-being (Boyd and 

Banzhaf 2007; Fisher, Turner, and Morling 2009). Through these 

definitions at the core of ES is sustaining human well-being. This objective 

is achieved through the ecosystem processes and functions that lead to 

services (Braat and de Groot 2012).   

Ecosystem processes refer to the biological, chemical and physical 

changes that occur such as nutrient cycling and primary production. While 

ecosystem functions refer to the capacity of the ecosystem to provide value 

for human needs and wants. It acts as the intermediary between ecosystem 

processes and services (see figure 1). Ecosystem functions can be the water 

purification from nutrient cycling and a reproducing fish population from 

primary production (de Groot et al. 2010; Braat and de Groot 2012; 

Crossman et al. 2013). The outcome would be for example the provisioning 

services of clean water for drinking and swimming and harvested fish stock 

for nutrition (Braat and de Groot 2012). There are different classifications 

of ES that were mainstreamed by the Millennium Ecosystem Assessment 

(MA, 2003, 2005). They include the provisioning, regulating, habitat or 

supporting and cultural services (de Groot et al. 2010; Fisher, Turner, and 

Morling 2009; Rodríguez, Pascual, and Niemeyer 2006). 

 

 

Fig. 1 - Ecosystem linkages: processes, functions and services 

 

TEV comprises of use and non-use values (NUV), in economic terms, 

direct use values refer to the interaction with resources through physical 

and visual contact e.g., recreation at a lake or timber extraction (Pearce and 
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Moran 1994; Tietenberg 2004; Marre et al. 2015). Indirect use values (IUV) 

are the passive benefits e.g., watershed protection by forests and nutrient 

cycling (Pearce and Moran 1994; Marre et al. 2015). There is a third, use 

value known as option value (OV) and it is the protection of resources to 

have the possibility of using it in the future (Pearce and Moran 1994; Pearce 

and Özdemiroglu 2002). The non-use benefits are either bequest or for 

future generations e.g., the legacy of a national park. Finally, the existence 

use is the satisfaction to persons for the mere presence of an environmental 

resource such as a mangrove, river or beach they may never use (Arrow et 

al. 1993; Pearce and Moran 1994). All of these values make up the TEV 

and figure 2 shows the relationships between economic values and 

examples of mangrove ES. To date this is the first qualitative research 

analysis of mangrove ecosystems in Trinidad and Tobago.  

 

 

 

 

 

Fig. 2 - Total Economic Value and mangrove ES (modified from Dixon 

and Pagiola, 1998) 

 

2. Background – Mangroves in Trinidad and Tobago 

There are 48 mangrove sites in Trinidad and Tobago. These are categorised 

into 35 in Trinidad, 11 in Tobago and two on offshore islands (P. Bacon 

1993; R. Juman and Ramsewak 2013b). These sites can be found on all 

coasts of Trinidad and the North (Leeward) and South (Windward) coasts 

of Tobago (P. Bacon 1993; R. Juman and Ramsewak 2013b). The total 

mangrove coverage is estimated at approximately 70 km^2 in Trinidad and 

1.9 km^2 in Tobago (IMA 2020). However, only three sites are protected, 

and the non-protected sites encounter similar challenges to the protected 

sites. These challenges include but are not limited to fragmentation and 

mangrove cover loss, conversion to alternative land uses, pollution, 

unplanned housing and coastal erosion (R. Juman and Ramsewak 2013b). 

The mangrove comprises a mixture of basin, estuarine and fringed 

mangrove systems and all eight of the mangrove species found in the 

Caribbean have been recorded in Trinidad and four species found in Tobago 

(P. Bacon 1993; R. Juman and Hassanali 2013).  

A major challenge impacting mangroves in Trinidad and Tobago, is 

mangrove fragmentation (Bryan-Brown et al. 2020). Fragmentation refers 

to the physical break-up of contiguous forests into sub-parts due to other 

uses for example conversion to agriculture, infrastructure building and 

urban development which may threaten the environment (Tran and Fischer, 

2017; Gilani et al., 2021). Trinidad and Tobago was considered one of ten 

hotspots around the world for mangrove fragmentation for alternative uses 

(Bryan-Brown et al. 2020). Trinidad and Tobago scored in the top ten in 

the world in two of four fragmentation metrics used in this study by Bryan-

Brown et al. (2020) for measuring mangrove fragmentation globally. This 

was fourth in mean perimeter area fractal dimension (PAFRAC) and eight 

in mean patch size (hectares). In Trinidad and Tobago, actual mangrove 

cover loss while present was relatively lower when compared to the other 

countries such as Indonesia, Malaysia and Myanmar (Bryan-Brown et al. 

2020). 

The major challenges potentially influencing mangrove fragmentation 

and loss have been economic development, general human activity and 

natural processes (Al-Tahir and Baban 2005). Historically, conversion to 

rice cultivation occurred at the two largest sites (Nariva and Caroni 

Swamps) in Trinidad (R. Juman and Ramsewak 2013b; R. Juman and 

Hassanali 2013). Other issues affecting mangroves in Trinidad were further 

anthropogenic disturbances to the Nariva Swamp mangrove. These changes 

included forest fires, hydrological alteration, pollution, reclamation for 

housing and farming and saltwater intrusion (R. Juman and Ramsewak 

2013b). At Caroni Swamp post 1950s, mangroves were reclaimed for 

sewage treatment ponds, a solid waste landfill and unplanned housing in 

the area (R. Juman and Hassanali 2013). Pollution from sewage, wastewater 

from industry and farming cultivation run-off affected the Caroni swamp, 

which resulted in 1.7 km^2 of mangrove die-off in 2001 (R. Juman and 

Ramsewak 2013a).  

Table 2 shows the impacts facing mangrove sites in SW, Tobago. 

Historically the two largest sites (Bon Accord/Buccoo and Kilgwyn) were 

threatened by resort development and airport expansion (Bacon, 1993). In 

the present context, coastal squeeze in the South-West (SW) Tobago from 

housing and potential resorts, airport expansion and infrastructural 

development are challenges facing the mangrove areas. Like Bon 

Accord/Buccoo, Kilgwyn site is located on the South-west (windward) 

coast of Tobago. The bay is surrounded by seagrass beds and a fringing 

coral reef. The mangrove site is split in two, and they are called Kilgwyn 

swamp and Friendship swamp. Most of the mangroves were cleared for the 

development of the international airport in Tobago. Solid waste disposal 

and pollution have further impacted the area (R. Juman and Hassanali 2013; 

R. Juman and Ramsewak 2013b). Friendship mangroves located east of 

Kilgwyn are exposed to wind damage, reclamation and hydrological 

alteration. 

To alleviate some of the negative impacts on the mangroves, a degree 

of protection has been afforded to three of the total 48 sites in the country, 

two in Trinidad and one in Tobago (R. Juman and Hassanali 2013). Caroni, 

Nariva and Bon Accord Lagoon are Ramsar sites or Wetlands of 

International Importance. First Nariva was made a Ramsar site in 1993, 

followed by Caroni and Bon Accord Lagoon/Buccoo Reef in 2005 (Juman 

and Hassanali, 2013). In particular for SW Tobago, the Bon Accord Lagoon 

and Buccoo Reef were designated restricted areas in 1973 under the 1970 

Marine Area (Preservation and Enhancement) Act. To date Bon Accord 

Lagoon/Buccoo Reef is the only designated Marine Protected Area (MPA) 

in the country (R. Juman and Hassanali 2013). In 1994, the Institute of 

Marine Affairs (IMA) developed a management plan for the area, which 

was adopted by the Tobago House of Assembly (THA). However, it did not 

address pollution originating from outside of the restricted area boundary. 

Furthermore, the management plan was not implemented by the authorities 

full-scale and the Bon Accord/Buccoo site has experienced degradation (R. 

Juman and Hassanali 2013). Drivers to make the Bon Accord 

Lagoon/Buccoo Reef MPA a Ramsar site are the biological diversity, the 
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unique contiguous nature of the coral reef, seagrass and mangroves and the 

existence of threatened and endangered species (RAMSAR 2005). Despite 

this, the MPA still faces degradation and management measures have not 

been fully achieved (R. Juman and Hassanali 2013). 

 

Table 2 - South West Tobago mangrove sites and impacts (Derived 

from R. Juman and Ramsewak, 2013b) 

 

Mangrove 

Site 

Protection 

Status 

Various impacts Delineation of 

sites 

Buccoo 

Bay 

Protected Reclamation for 
development, 

hydrological 

alteration and 
pollution. 

Buccoo Bay 

and Bon Accord 

Lagoon 
comprise the 

same Marine 

Protected Area 
(MPA) and 

RAMSAR site. 

Bon 

Accord 

Lagoon 

Protected Reclamation for 

development and 
pollution. 

Kilgwyn 

Swamp 

Non-

Protected 

Reclamation for 

airport, waste 

disposal and 
pollution. 

Kilgwyn and 
Friendship 

swamps are 

connected to 
each other in 

the same bay- 

Kilgwyn Bay. 

Friendship 

Swamp 

Non-

Protected 

Reclamation, 

wind damage and 
hydrological 

alteration. 

Petit Trou Non-

Protected 

Reclamation for a 
resort and 

pollution. 

 

 

2.1. Buccoo Marine Park management: plans and implementation 

The focus of the IMA’s 1994 management plan was on the entire Buccoo 

Reef Marine Park due to the contiguous nature of the coral reef, seagrass 

beds and mangroves. However, there is an observable emphasis on the 

Buccoo Reef as established by the goal of the plan for the management of 

the human use of the Buccoo Reef and its adjacent coastal areas in a 

sustainable manner to meet future needs (IMA 1995). There is a present 

contextualisation of use conflicts that can potentially disrupt the ecological 

and environmental integrity of not only the Reef but the Bon Accord 

Lagoon, adjacent mangrove at Buccoo Bay and beaches. These threats 

historically came from the discharge of partially treated or untreated sewage 

plant effluent and wastes from farms and fish-processing facilities directly 

into the Bon Accord Lagoon and Buccoo Bay (IMA 1995). More pertinent 

and specifically for this study the mangrove area ownership has been 

controversial, it was privately owned in the past which had implications for 

its inclusion under the protection of the overall Marine Park and 

management activities (IMA 1995). At present, crab catching is the only 

regular use activity in the mangrove wetland and landward development 

has led to mangrove tree clearing and the placement of drainage channels 

through the mangrove into the Bon Accord Lagoon. The trade-off in land 

use which has a mangrove fragmentation linkage is historically prevalent. 

Use conflict remains present because of the consideration to protect the 

wetland habitat and its natural drainage as compared to land development 

activities near to the mangrove (IMA 1995). 

Various recommendations were made in the IMA’s management plan. 

First, in terms of the Marine Areas (Preservation and Enhancement) Act, 

1970 amended 1996, issues were raised such as a lack of specification in 

the Act on which “Minister” has authority over implementing the 

legislation and who has authority to enter the restricted area (IMA 1995). 

Second, greater authority to enforcement agencies by the Minister to stop, 

search, seize fish and equipment and make arrests of persons in breach of 

the regulations and that the authorised personnel to conduct such official 

functions should be members of the Ministry of National Security such as 

the Police Service, Fisheries Officers of the THA and any other Board, 

Committee or duly appointed body by the Minister (IMA 1995). Third, new 

regulations were recommended prohibiting littering and pollution of any 

type in the Marine Park. Fourth, limiting the quantity and size of boats to 

the reef at a given point in time, prohibiting taking, harming, injuring or 

killing marine life, prohibiting damage to coral, mining, and removal or 

destroying natural features (IMA 1995). These recommendations made 

were not officially adopted into the Marine Areas legislation to date.  

Further recommendations were made for development and pollution 

control. First, development that hinders proper management of the Marine 

Park should not be allowed. Coastal development near to the Marine Park 

should incorporate the preservation of coastal vegetation inclusive of the 

mangrove areas, beaches and maintenance of the water quality (IMA 1995). 

This was recommended to be done as a joint effort between the THA and 

the Town and Country Planning Division of Trinidad and Tobago with due 

consideration of the ecological and hydrological linkages between 

terrestrial and marine environments in planning and permitting 

developments (IMA 1995).  

However, this did not stop proposed hotel plans between 2017 to 2019. 

In the motivation for this study the proposed international beach resort 

which would have boosted the economy and would have been constructed 

in an area encompassed by the mangrove called ‘No Man’s Land’ towards 

Buccoo Bay. It was suggested that the Environmental Management 

Authority and Town and Country Planning approval were not achieved for 

the planned resort (LoopTT 2017). Eventually a series of negative publicity 

led to the cancellation of the resort in 2019. Presently, more developments 

have been planned in the coastal areas of Tobago, with further airport 

expansion near to Kilgwyn Swamp and two new hotel developments not 

close to any mangrove site (VisitTobago 2022). In 2022, the THA 

endeavoured to control the use of the Buccoo Marine Park under the 

provision of the Act, especially for hosting party events and unauthorised 

access (THA, 2022). 

2.2. Synergies in use 

Due to the variety of uses mangroves provide to communities and other 

stakeholders decisions have to be made on their conservation and 

management to achieve win-win scenarios for economic development and 

mangrove protection. Synergies occur where one ES change influences 

other ES in the same environmental system (Turkelboom et al. 2015). For 

instance, in an MPA, the synergistic relationship occurs between algal 

grazing and recreation opportunities (Turkelboom et al. 2015). The MPA 

enhances the fish population which subsequently increases algal grazing by 

the fish that protects the coral and in turn increases recreation opportunities. 

An important concept from the Millennium Ecosystem Assessment (MA) 

is that the well-being of people and environmental conditions are 

connected, and environmental management done comprehensively could 

potentially deliver benefits for the population and create win-win scenarios 



FARM AND BUSINESS 15 (1) DECEMBER 2023                                                                                                                              14 

 

 

(Howe et al. 2014). To create synergies and win-win scenarios various 

factors have to be considered together such as ES management, stakeholder 

benefits across various groups and ensuring no one ES dominates the other 

services (Howe et al. 2014). In practice win-win scenarios do not always 

occur and it is important to have well-planned management of ES (Bennett, 

Peterson, and Gordon 2009; Howe et al. 2014). 

3. Methods 

The communities of Bon Accord, Crown Point and Canaan along with 

Buccoo, Carnbee and Golden Grove which are approximately 12 and 10 

km SW of the capital city of Scarborough are where the in-depth interviews 

took place with the residents and stakeholder groups (see figure 3). The 

community members share similar socio-demographic characteristics and 

live within two to three km from the mangrove site at Bon Accord/Buccoo. 

The focus groups took place in Plymouth for the residents and Buccoo for 

the fishers. Table 3 shows all the stakeholder groups that were interviewed 

and the timeline in which interviews were carried out. In terms of acquiring 

key informant stakeholders, Brown et al. (2001), suggested that some of the 

stakeholders for this area in Tobago included the THA, local communities, 

fishers and local businesses and entrepreneurs. The local businesses include 

dive shops and reef tour operators (Brown et al. 2001). Other important 

stakeholder groups for this study include the environmental non-

governmental organisations (NGOs) and hotels/guest houses on the island. 

The various stakeholder groups are best represented in different ways such 

as either through focus groups or key informant in-depth interviews (Brown 

et al. 2001).  The fishers and residents represent the local communities in 

the vicinity of the research site and focus group discussions were arranged 

with these members of the communities. All participation was non-

incentivised and therefore voluntary as persons gave their time without 

compensation. 

Fig. 3 - Community locations in SW Tobago 

 

Table 3 - In-depth interviews and focus groups timeline 

Type Group Number 

(individuals) 

Timeline 

In-depth 

interviews 

Expert opinion 3 June 2019 

In-depth 

interviews 

Fishers 1 January to 

February 2020 Boat tour operators 5 

NGOs 3 

THA 5 

Guest house owners 2 

Residents 17 

Focus 

Groups 

Fishers 3 January 2020 

Residents 5 

Note: THA members from Fisheries and Forestry Divisions; NGOs are 

environmentally focused. 

 

In table 3, first, three expert opinion in-depth interviews in June 2019. 

This was followed by a series of in-depth key informant interviews with the 

stakeholders in January to February 2020 done in person and totalled 33 in-

depth interviews (17 with general public residents and 16 with stakeholder 

groups) and two focus groups (three person and five-person group 

discussion) both done to contextualise the perceptions of mangrove by 

locals. The expert opinion semi-structured surveys were done on three 

individuals, the original target was ten persons but though three participated 

the insight was useful as they all conducted research on mangrove sites in 

Trinidad and Tobago. The experts ranged from 10 years to over 40 years’ 

experience in their fields with two from the field of Marine Biology and 

one from Agricultural Economics. The expert opinion surveys lasted 

between 45 and 90 minutes and were done over video call on Skype. 

An appropriate number of persons for focus group discussions is 

between 10 and 12 (large focus group) and five and eight (smaller focus 

group) (Krueger and Casey 2015). Though the three person focus group 

was a mini-focus group it was still useful in gleaming insight into mangrove 

ES in Tobago. Circumstances sometimes require smaller focus groups and 

where it is problematic to get participants, convening two-five persons can 

be useful when individuals have high expertise (O. Nyumba et al., 2018). 

Due to the busy work schedules of the fishers, it proved challenging to 

gather fishers in one location on shore but because of their specialist job 

this number was still useful. The moderation of the focus groups used semi-

structured questions to guide but in an open-ended manner to encourage 

discourse. The residents focus group had five participants which falls at the 

lower end of the smaller focus group but is within the usual range of 

participant numbers. Finally, focus group duration can range between 30 to 

120 minutes and depends on the topic’s complexity and the participation 

numbers (Powell and Single 1996; Masadeh 2012). The fishers and 

residents focus groups were 70 and 50 minutes respectively. 

The one-on-one in-depth interviews were done to ascertain the 

perceptions of those stakeholders that could not be easily coordinated 

together and captured in a focus group. The residents, THA Forestry and 

Fisheries Division personnel, boat tour operators, environmental NGOs and 

guest house owners were interviewed in this manner. The optimal sample 

size of interviewees is between 5 – 50 individuals and depends on factors 

such as heterogeneity of stakeholders, available budget for expenditure and 

time period available for data collection (Dworkin, 2012). The in-depth 

interviews were also done with semi-structured questions because of its 

advantage of initiation with key questions while allowing for flexibility to 

digress for idea development (Gill et al. 2008). While, the optimal time 

period for in-depth interviews ranges between 20 and 60 minutes (Gill et 

al. 2008). In this study the 33 in-depth interview surveys lasted between 20 

to 60 minutes each. 

Ethical clearance was acquired for each of the key informant surveys 

(experts, focus groups and in-depth interviews). Each participant’s 
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responses were made anonymous through alphanumeric coding of the 

interviewee and the respective interview transcript. All respondents were 

given a participant information sheet with a declaration of the data 

management and data use plans in this study, along with their rights to 

withdraw from the study within an allocated timeframe before the end of 

the research. The qualitative data was originally used to inform the author’s 

PhD thesis research using a non-market valuation stated preference method 

called choice modelling for the selection of attributes and levels that are 

traded-off by the choices individuals are asked to make in the survey to 

calculate marginal willingness-to-pay values for the factors that comprises 

bundles of environmental goods at different prices (Mariel et al. 2021; 

Atkinson, Bateman, and Mourato 2012).   

The qualitative data in this paper was subsequently analysed with 

NVivo version 12 to identify the mangrove uses in Tobago. NVivo, created 

by QSR International is a popular computer-assisted qualitative data 

analysis software (CAQDAS), that assists researchers engaged in 

qualitative analysis, to collect, record, analyse, visualise and report data 

using features and tools to help structure the data collected (Dhakal 2022; 

Allsop et al. 2022). NVivo uses a variety of file types, such as audio, video, 

images and text (Dhakal 2022). Transcription of audio and video files can 

be done in NVivo directly or separately and then import the transcribed file 

(Allsop et al. 2022). In this research transcription of audio files were done 

in word processing software then imported to NVivo for manual thematic 

coding and analysis as part of the routine coding procedure.  

A Grounded Theory (GT) approach was used to analyse the texts from 

the 36 individual in-depth interviews and two focus groups. GT is a 

research methodology that rigorously classifies and analyses data after 

collection through a systematic set of methods (Qureshi and Ünlü 2020; 

Mohajan and Mohajan 2022). GT was introduced (see Glaser and Strauss, 

1967) to make qualitative research more methodological, and structured 

and has since evolved to contain differing paradigms such as positivist, 

postpositivist and constructivist (Qureshi and Ünlü 2020). However 

regardless of the paradigms GT involves coding the transcripts of the 

interviews and focus group discussions. A code in this sense of qualitative 

research is a word or group of words that provide salient and summative 

capture for a discrete portion of language-based data (Mohajan and 

Mohajan 2022).  

First, open coding was undertaken to group data into smaller parts for 

analysis (Vollstedt and Rezat 2019). Second, axial coding was done to 

categorise the data organising the data from the prior open coding. Finally, 

selective coding was the final iteration which integrates the different 

categories that were constructed into a core concept or theory relevant to 

the way in which ES are used and its understanding, which in this study is 

the TEV framework, and associated challenges. The manual coding of 

responses were done as they related to various ES from the individual in-

depth interviews and focus group discussions. NVivo is used to create 

nodes (labelling and category creation) of various themes (Dhakal 2022) 

under the areas of challenges, uses and future opportunities. Then querying 

the transcripts to search for those keywords and adding it to the respective 

node.  

For example, using the GT approach in NVivo 12, open coding involved 

reviewing transcripts for mangrove benefits from the opinions of the 

residents and stakeholders. Then axial coding was done to categorise the 

mangrove benefits into ES. Finally, selective coding placed the mangrove 

ES into the overarching TEV framework of use and non-use values in 

present and future contexts. Limitations, include it can be time consuming 

to code text line-by-line, bias by personal preconceptions, and requires 

large amounts of data (Mohajan and Mohajan 2022). The coding categories 

drew from the literature on ES or benefits of mangrove to humankind and 

the challenges facing mangrove uses (e.g., Himes-Cornell, Grose, and 

Pendleton 2018; Polidoro et al. 2010; Brander, Florax, and Vermaat 2006; 

Das and Vincent 2009; Das 2017; P. R. Bacon 1987; R. A. Juman 2004; 

Spalding et al. 2021; Friess et al. 2020; Barbier 2017; Lugo 2002; 

Kathiresan 2012). 

4. Findings and Discussions 

Topic frequency is measured by the ratio of the topic being raised to the 

total number of interviews. Table 4 shows a list of challenges raised by 

participants, and its mention frequency. Pollution was mentioned in over 

half of the surveys at 57%. Issues such as dumping of waste and sewage 

treatment and drainage are examples of pollution challenges being faced. 

Mangrove fragmentation and cover loss was raised in just over 40% of the 

respondents, which can lead to other problems such as flooding and loss of 

wildlife. Food resources coming from the wildlife such as fisheries and 

other animals such as crabs are very important to the livelihoods of some 

individuals in the villages. This potential issue of loss of livelihoods was 

mentioned in 47% of the responses. Various crab species that are found in 

the mangrove are observed as a vital resource in the island of Tobago and 

culturally is important for local cuisine, without which would be a major 

loss for the island. Crime, pest and diseases and climate change were also 

mentioned as challenges on the lower end of the responses between 10 and 

20% but having been mentioned due to the potential issues that arise from 

them. Figure 4, is a bar chart of the challenges facing mangrove ES. 

Table 4 - Challenges facing mangrove ES 

Challenges Example (quotes from the 

participants) 

Topic 

Frequency 

(%) 

Fragmentation 

and loss 

1. The coastal squeeze as a result 

of residential development 
2. Development on the mangrove 

one you’ll be adding more 

impermeable concrete layers to 
the area 

43 

Loss of food 

resources 

1. There will be less food from 

cutting down the land, fish 
spawn and go to lay eggs. 

2. When you put development 

close to the mangrove, come on 
it is a whole food source here 

being affected. 

30 

Loss of 
livelihoods 

1. I think it is very important 
because if they are not catching 

crab, it comes like they are 

unemployed because it is what 
they do as a living.  

2. It would destroy other persons 

livelihoods or cut down on other 
person’s resources like the crab 

catchers. 

47 

Crime 1. Many of the criminals use the 

mangrove as their storage when 

they rob people and tourists. 

20 
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2. There are also illegal fish traps 

set. 
Pest and 

diseases 

1. The prevalence of mosquitoes 

from the waterlogged soils and 

the presence of water constantly. 
So, with the turn of the mosquito 

borne diseases. 

2. The communities associated 
with the wetlands face 

mosquitoes so there are diseases 

such as dengue, subsequent to 
dengue we had zika and 

chikungunya, we had people in 

Tobago affected by those. 

17 

Pollution 1. Kilgwyn/Friendship mangrove 

for years was a dumping ground. 

2. When I say waste not just solid 
waste but also the sewerage and 

runoff from houses. 

57 

Climate change 1. Because now with climate 
change and sea level rise the 

mangrove towards the edge of 

the coast they might be 
removed. 

10 

Note: Dengue, zika and chikungunya are mosquito transmitted viral 

infections. 

 

 

Fig. 4 – Challenges facing mangrove ecosystem services. 

 

Table 5 presents the ES classified into their direct and indirect use of the 

mangroves. Two of the use value ES variables are mentioned in above 50% 

of participant responses, these are crab and shellfish at 53% and coastal 

protection from erosion, strong winds and waves and natural disasters. 

Coastal protection provided by the mangrove has the highest response rate 

at 70%. Water flow regulation concerned with the influence on flood 

control and direct food products from fisheries and other vertebrates are 

both mentioned at 40% of participant responses. Food included animals 

such as Iguanas, and fishes e.g., Snappers, Barracudas and Groupers. Water 

purification from filtering runoff was mentioned in 30% of participant 

responses, while education and research, recreation, forestry products such 

as timber and fish pots, farming stakes and fishing rods and carbon 

sequestration were mentioned between 13% to 23% in the total participant 

responses. Table 6 shows the ES classified as non-use for existence value 

which are biodiversity for non-consumption at 57% of participant responses 

such as the many species that live in the mangrove e.g., frogs, snakes turtles, 

birds, sponges and tunicates. Also, aesthetics or the natural presence of the 

land at 27% of participant responses. Habitat can be considered an indirect 

use as it has a fisheries linkage with spillover effects and juvenile offshore 

fish using it as a nursery and for its existence use as an area that functions 

as a home for all forms of wildlife. 

Table 5 – Present mangrove use ES 

Use Ecosystem 

service 

Example (quotes from 

participants) 

Topic 

frequency 

(%) 

Direct Forestry 
products 

1. We used to use the red 

mangrove to build fish 

pots. Also, long ago we 

used to use it to build 

kitchen and for furniture. 
2. Also, the mangrove wood 

was used in construction 

of small houses and tents 

23 

Direct Food (fish 

and 
vertebrates) 

1. So, I grew up knowing 

that you can use the 

mangrove for food, 
fishing and hunting.  

2. It provides food security 

with the fish stock. 

40 

Direct Crab and 
shellfish 

1. The crabs are very 

important traditionally. 

Both Trinidadians and 
Tobagonians want the 

crab.  

2. I know the divers that 
catch the conch, they take 

out the meat and sell the 

meat to the food places 
and the shells to persons 

like me to sell as 

souvenirs. 

53 

Direct Research and 
education 

1. Even for educational tours 

throughout the mangrove. 

2. You can also see benefits 
for scientific tourism.  

20 

Direct Recreation 

and tourism 
activity 

1. The boardwalk you can 

walk through and see 
many things without 

getting your feet dirty in 

the mangrove.  

2. In terms of our culture, 

even in the goat race it is 

the mangrove wood that 
made the ‘goat races’ 

survive.  People go back 

into the same areas to get 
wood from the mangrove 

for the goat race. 

23 

Indirect Coastal 
protection 

1. The mangrove is 
important to everybody, 

because it saves the land, 

homes and people.  
2. That mangrove during a 

storm or rough seas saves 

many fishermen boats. If 
fishermen move the boats 

in time and though the 

wind blows strongly and 
the sea gets rough the 

70 
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Use Ecosystem 

service 

Example (quotes from 

participants) 

Topic 

frequency 

(%) 

lagoon remains relatively 

calm. 
Indirect Water flow 

regulation 
1. There will be flooding 

regulation, the mangrove 

basically acts as huge 

sponges to absorb any of 
the excessive water that 

comes from the land from 

heavy rainfall.  
2. I think the mangrove is 

linked to potential 

flooding. 

40 

Indirect Water 
purification 

1. All the runoff from all the 

various communities 

around filters into the Bon 
Accord Lagoon, the 

mangroves act as a natural 

purification system. 
2. Helps with the 

purification of waste and 

water. 

30 

Indirect Carbon 
sequestration 

1. The mangrove I believe 

assists in controlling the 

climate and also in 
cleaning the atmosphere. 

13 

Note: Goat racing is a cultural event held annually in Tobago as part of 

Easter festivities. 

 

 

 

Table 6 - Present mangrove use and non-use ES 

Use and 

non-use 

Ecosystem 

Service 

Example (quotes from 

the participants) 

Topic 

frequency 

(%) 

Existence Aesthetics 1. I don’t think there 

should be any 
buildings, I prefer the 

natural habitat remains 

and preserve the 
wetlands. 

2. Mangrove can be very 

scenic.  

27 

Existence Biodiversity 

(non-

consumption) 

1. I think it has many 

species, that live in the 

mangroves that we 
may not know about 

2. Whereas you have the 

major beach for turtles 
being that of turtle 

beach at Pigeon Point 

the turtle of interest 
there is the Leatherback 

as well as the 

Hawksbill. 

57 

Indirect 

and 
existence 

Habitat for 

animals 

1. Shelter animals and not 

cutting for houses to be 
built on the site. 

2. The mangrove also acts 

as nursery grounds to 

provide the juveniles to 

go back into the fish 

40 

stock where we have 

the fishermen now 

participating in fishing.  

 

Pemberton and Mader-Charles (2005), study in Trinidad and Tobago 

provided results where individuals do value eco-tourism at the Nariva 

swamp, as a means of conserving wetlands, and are willing-to-pay for 

protection of such sites, the creation of recreation opportunities, education 

and employment. Table 7 shows that eco-tourism is considered the most 

prevalent of all the ES mentioned with a 77% participant response 

frequency. This indicates that eco-tourism as a future prospect is regarded 

by all stakeholder groups as a viable option for both current and future 

generations. The other bequest and option value ES range between 7% to 

27%. The future prospect of improved security in the mangrove to deal with 

the challenge of crime is an important possibility that should be explored. 

Also, with eco-tourism and tourism ventures, farmers and fishers may 

access additional jobs to provide food for facilities like resorts and parks. 

Sustainability is an important driver in having development that meets the 

needs of the present but still ensuring future generations have access to 

resources and eco-tourism projects are an appropriate avenue for this as 

recognised by the participant response frequency of 27% wanting 

sustainable development. Finally, though mentioned in 7% of the 

participant responses, forestry products making more substantial use of 

tannin to dye leathers in the Hide Industry is an opportunity available for 

future use that can minimise waste and capitalise on the natural benefits of 

mangroves. Figure 5 combines the use and non-use mangrove ES into one 

bar chart with the topic frequencies from Tables 5 to 7. 

 

 

 

 

Table 7 - Future prospects for mangrove ES 

Use and 

non-use 

Future 

prospects 

Example (quotes from 

the participants) 

Topic 

frequency 

(%) 

Bequest 
and 

option 

Eco-tourism 1. We can have a park 
where people walk in 

and see the wildlife too.  

2. Open something that 
brings eco-tourists rather 

than destroy the place 

with a large hotel. 
3. So, you can build more 

boardwalks in the 
mangrove so the tourists 

can see. We don’t really 

have much for tourists to 
see when they come but 

if we have a nice 

boardwalk through the 
mangrove, they can walk 

and see the birds. 

77 

Bequest 
and 

option 

Sustainable 
development 

1. We are not against 
development, but it must 

be done sustainably.  

2. You just need a group of 
people to maintain the 

place to a certain 

27 



FARM AND BUSINESS 15 (1) DECEMBER 2023                                                                                                                              18 

 

 

standard and everything 

will be ok. So, it can 
have both development 

and maintain the natural 

benefits.  
Bequest 

and 

option 

Jobs for 

fishers and 

farmers 

1. The other fishermen can 

come together and pool 

the catch and a resort 
will pay more for the fish 

than the ordinary people.  

10 

Bequest 
and 

option 

Security 1. Motion cameras might 
be useful, where they 

only come on when a 

person comes into the 
area in line of the 

camera. 

2. But what the mangrove 
really needs is policing. 

13 

Bequest 

and 
option 

Forestry 

product 
expansion 

1. Not much mangrove is 

needed to get the tannin, 
some harvesting of the 

mangrove is used for 

tannin. 
2. I still will want to see as 

part of the traditional 

way in terms of the 
tannin but it should be 

managed in such a way 

that it is sustainable. 

7 

Note: Tannins are a naturally occurring substance in plants. 

Fig. 5 – Mangrove Ecosystem Services use and non-use benefits. 

5. Conclusions 

There are many use and non-use benefits recognised by residents and other 

stakeholder groups and many threats facing mangroves. First, this study 

showed that residents and other stakeholders are aware of the challenges, 

use and non-use values of ES in present context and opportunities for the 

future. Second, that the residents and other stakeholder groups perceptions 

of the challenges and uses are similar to what is available in pre-existing 

literature on mangroves globally and specifically for the island. Third, this 

study provided a background to raise further areas of exploration using 

quantitative approaches in valuing mangrove ES, such as with stated 

preference methods like contingent valuation and discrete choice 

experiments. In addition, economic valuation combined with other 

approaches like the qualitative approach used in this paper are suitable 

avenues for obtaining pluralistic knowledge on ES as put forward by 

IPBES. Mangrove conservation is highlighted in the desire to have eco-

tourism ventures to achieve more sustainable development over more 

classical “beach and hotel” ventures in mangrove areas. Finally, in 

answering the research question the most recognised challenges are 

pollution, loss of livelihoods and mangrove fragmentation and cover loss. 

While the factors recognised as important to the residents and other 

stakeholders as use and non-use benefits include eco-tourism ventures, 

coastal protection afforded by the mangroves, waterflow regulation, 

habitats and crab and shellfish. 
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