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Abstract 

Mangrove forests are endangered ecosystems that provide many environmental 

services. This research documents changes in mangrove cover in the protected area 

Yum Balam, in Mexico, from 1981 to 2020; reviews conservation policy; and examines 

the area’s current land management plan. Results show an early period of significant 

losses, followed by a period of relative stability, and a recent period of losses in areas 

close to the communities of Chiquila and Holbox, with significant gains elsewhere. 

Comparative analysis of results using spatial data from government agencies, Global 

Mangrove Watch, and Google Engine revealed some discrepancies, but similarities in 

the overall trend. The current land management plan favours tourism over strict 

protection, allowing development within newly defined sub-zones. Tourism, 

urbanization, and changes in land tenure are likely causes of recent mangrove losses. 

Further investigation of these drivers and monitoring mangrove cover will be important 

for elaborating informed conservation policy for Yum Balam.  
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Chapter 1. Introduction and purpose of the research 

 1.1 Purpose of research  

Mangrove forests represent highly productive, biologically rich ecosystems. 

They also provide a great variety of environmental services and resources for coastal 

populations. They act as a physical barrier that provides protection from aggressive 

cyclones and tsunamis, as well as preventing coastal erosion and groundwater 

salinization. Annually their carbon sequestration potential is two to four times greater 

than other tropical forests due to their high levels of below-ground biomass and their 

large storage capacity in their sediment soils, thus helping to mitigate the effects of 

global warming (Giri, 2016). Lastly, they help to trap sediment and act as ecological 

sinks that retain nutrients, as well as maintaining fisheries and contributing to better 

food security for coastal communities. Unfortunately, despite their environmental and 

social value, mangroves are rapidly declining globally, due in part to poor governance 

frameworks and political indifference to the threats they face, which include conversion 

to agriculture, coastal pisciculture, and tourism development (Canty et al., 2018; 

Gómez, 2005).   

Mexico is ranked fourth in the world in terms of the areal extent of mangrove 

forests, and the Yucatan Peninsula is one of the most important mangrove regions 

within the country, with an estimated 55% of Mexico’s total mangrove area 

(Kathiresan, 2012; López-Portillo & Ezcurra, 2002). Mangroves are found in over 120 

countries, but many states struggle to establish appropriate guidelines for their 

conservation because of increasing pressure for conversion to aquaculture, agriculture, 

or urban areas (Lugo et al., 2014). In recent years, the effort of government officials, as 
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well as academics, NGOs, and indigenous communities have proven that there is still 

an incipient interest in implementing conservation efforts in mangrove forests to 

maintain the current biodiversity, while acknowledging the great impact some 

ecosystems have suffered already (Melo, 2002). In Yum Balam, the existing mangroves 

are said to capture the equivalent of what 9.4 million of Mexicans emit of carbon 

dioxide; they also act as a habitat for species like the jaguar, endemic birds, marine 

turtles, shark whales and dolphins (CEMDA, 2019). It is because of this and the 

implications that the changes to the landscape in Yum Balam that is important to 

conduct research on this site, to add to the volume of information available for this area.   

Unfortunately, mangrove restoration efforts are often ineffective. In most cases 

the approach is to grow mangrove seedlings in greenhouses and then transplant them 

into mudflats along the coast; however, very few usually survive due to changes in 

water levels, and the use of a single species of mangrove rather than a mixture of species 

as is common in mangrove forests. On occasions when restoration is successful, the 

resulting forest is less complex than the original one and it supports fewer species; 

however, in a period of approximately two years, mangroves can grow up to two meters. 

Because this approach is commonly unsuccessful, restoration efforts are usually 

focused on recovering disturbed mangrove by providing existing disturbed forests with 

the conditions they need to restore themselves, by clearing the soil to allow the flow of 

tides or constructing slopes for water to flow (Waters, 2016).   

Although natural protected areas can assist in the conservation of mangroves, 

they are not always entirely effective. Mexico has federal laws prohibiting mangrove 

deforestation and protected areas that include mangrove forests, but losses of mangrove, 

while not known with precision, appear to remain high, suggesting a lack of effective 
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conservation policy, poor enforcement of regulations, or lack of political will (Canty et 

al., 2018). It appears that mangrove forests within Mexico’s protected areas have 

continued to be primarily impacted by anthropogenic activities, making it important to 

identify drivers of loss and constantly monitor mangrove cover to identify the ongoing 

state of conservation efforts. 

This research documents and analyzes changes in the spatial extent of mangrove 

forest cover in the Yum Balam Protected Area (YBPA) in Quintana Roo, Mexico based 

on land cover data for the years 1981, 2005, 2010, 2015, and 2020 and examines 

conservation policy aimed at protecting mangrove forests since the protected area was 

established in 1994. The two overarching questions that have guided this research are: 

● What are the changes in mangrove cover that have occurred in Yum 

Balam from 1981 to 2020? 

● Have the policies of government agencies responsible for conservation 

been effective in protecting mangrove forests in a region that has 

experienced increased economic development related to tourism?  

More specifically, the research objectives were to (i) map changes in mangrove 

cover over time; (ii) calculate the loss or gain of mangrove cover over time, and 

examine whether there are periods of faster or slower rates of mangrove forest loss 

(and/or periods of recovery); (iii) identify those areas where deforestation, stability or 

recovery have occurred and investigate what the likely causes of the changes might be; 

(iv) briefly review the history of conservation policy for mangroves in Yum Balam 

Protected area; and (v) critically examine the recently formulated land management 

plan. 
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1.2   Spatiotemporal change in mangrove cover 

There are many dimensions to the spatiotemporal changes in mangrove cover 

in terms of the patterns that emerge and the different causes that may be contributing to 

declines at different periods and in different locations. As such, there are several sub-

questions that I examine in this research: 

● Are there any discernible periods of either faster or slower rates of 

mangrove cover losses or periods of recovery? 

● What are the spatial patterns of mangrove forest losses or gains? 

● What are the more likely anthropogenic causes of the changes in 

mangrove cover, based on the spatiotemporal analysis and drawing from 

other sources of information (e.g., tourism, changes in land tenure, 

agriculture, shrimp farming)? 

1.3   Critical analysis of government conservation policy and conservation history in 

Yum Balam. 

To review the history of conservation policy in Yum Balam, I examined key 

moments and documents related to Yum Balam’s management, paying attention to any 

significant events from the establishment of the protected area from 1994 to 2020 that 

might affect mangrove cover and assess whether there are discernible relationships 

between conservation policies and changes in mangrove forest cover since its 

establishment. The key documents used to analyse the policies related to mangrove 

conservation in Yum Balam are the official decree for the establishment of the natural 

protected area; the Ley General del Equilibrio Ecológico y la Protección al Ambiente 

(LGEEPA) regarding to the preservation and restoration of the ecological equilibrium 

and environmental protection (Diario Oficial de la Federación, 1988); the Ramsar 
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information sheet; and a land management plan completed in 2019, complemented with 

the use of newspaper articles and other documents that provide insights into the 

conservation of mangrove forests within Yum Balam. 

The sub-questions that will be explored in this analysis include the following: 

●  What is the history of Yum Balam in terms of its status as a protected area 

and have there been any significant changes in conservation policy since its 

establishment? 

●  What are the uses that have been allowed for the mangrove forests within 

Yum Balam since it was established? 

● What is the overall vision of mangrove conservation that can be interpreted 

from the management plan, and whose interests does the land management 

plan represent?  For example, does it bring strict protection, or facilitate 

development in the region? What are the activities permitted within the 

designated sub-zones where mangroves are present as per the land 

management plan in 2019 and how can they impact mangrove forests? 

Mexican mangrove forests represent a great source of blue carbon worldwide 

and are essential ecosystems to produce clean air as well as crucial habitat/shelter for 

many animal species (CONABIO, 2013b). It is important for everyone, not only the 

communities that live in these environments, to learn about the environmental services 

that mangrove forests provide, how they are being impacted, and what can be done to 

safeguard them. This study will help examine more closely the current situation of 

mangrove forests in Yum Balam and the challenges and actions at hand for their 

conservation.  
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My research findings provide an overall assessment of whether the protected 

area and conservation policies for Yum Balam have been effective in protecting 

mangroves within its boundaries; and to identify possible drivers of mangrove forest 

loss or other important events that have caused the loss of mangrove and provide a 

critical examination of official conservation management policy. This research was 

aimed at generating findings on the state of mangrove forests in Yum Balam since 

before its designation as a natural protected area (1981) until recent years (2020); to 

achieve this, I collected, processed, and analysed spatiotemporal information regarding 

mangrove conservation to facilitate future research on the topic. To have a better 

understanding of the potential causes of spatial changes in mangrove cover overtime, I 

created a timeline of important events regarding mangrove conservation in Yum Balam 

beginning with its designation as a natural protected area. Finally, I critically assessed 

the land management plan following a political ecology lens.  As an area of great 

biodiversity, it is necessary to understand what is needed to maintain the biological 

processes while acknowledging the existence of other social processes like migration 

and expansion of related or adjacent urban areas. 

This research is relevant because it conducts a longitudinal analysis of the 

spatial changes related to mangrove cover in Yum Balam, and it then takes these 

findings and investigates if there are any relations between these changes and the land 

management plan. Additionally, this work shines a light on how the land management 

plan for Yum Balam was elaborated, its main objectives and stakeholders, as well as 

attempting to assess the linkages between the identified changes in space and the 

policies established in order to explain these changes and to inform more effective 

conservation policy in the area. This work could be used by any researcher or person 

who would like to recreate this analysis to for the same area or a similar case study.  
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My literature review suggests that mangrove cover changes in Yum Balam are 

the result of several factors, such as the growth of the tourist sector, changes in land 

tenure, lack of funding and public engagement for the implementation of the land 

management plan, and disagreement between different stakeholders because of 

personal interests, road construction, among others. In some areas, especially in Isla 

Holbox1 (commonly known as “Holbox”), some changes appear to be closely 

associated with the growth of the tourist sector, which started to develop with the 

support of foreign investors who had an opportunity to purchase land close to the Gulf 

coast, a process enabled by the Programa de Certificación de Derechos Ejidales y 

Titulación de Solares (PROCEDE).
2 These changes have been more prevalent in 

coastal areas on the south shore of the lagoon, away from Holbox, but in recent years, 

more changes have been identified across the protected area. 

Although conservation policy in Yum Balam dates as far back as 1994 with the 

establishment of the area as a natural protected zone, the land management plan was 

not established until 2019. This has impacted the conservation of mangroves in the area 

over the years by not providing legal guidelines to enforce biodiversity protection. 

 
1 From now on, in this text, Isla Holbox will be referred to as “Holbox”.  
2 PROCEDE is a government program created to survey, map and privatise ejidos and any other 

communal land by giving a land certification and creating a property title to “give ejidatarios the “legal 

certainty” of the property of the land to ejidatarios (Smith et al., 2009); however, for many Indigenous 

people in Mexico, this program has instead divided and fractionated communities and privatised their 

communal lands, thus disintegrating the social fabric. This program was created following the 

recommendation the World Bank gave to the Mexican government and the creation of the North 

American Free Trade Agreement to adjust to future needs. The main idea, some critics say, is to make 

these lands that were given to rural communities because of the Mexican revolution, available for sale to 

national and foreign companies or individuals (Braña & Martínez, 2005). 

On the other hand, Ejidos are lands owned by the federal government that are shared between recognised 

members (ejidatarios) who maintain rights to individual parcels. These lands are considered social 

property and the decisions about their use and management are made by an elected leader and an 

assembly that consists of ejidatarios (Smith et al., 2009). An ejidatario is a person to whom the 

government grants rights over an ejido (Ley Agraria, Article 12, 1992 [Mexico]. Ejidatarios often have 

both communal and individual rights over an ejido, therefore an ejido can be used to refer to both a patch 

of land used communally by all ejidatarios, and a patch of land used individually by an ejidatario. 
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Lastly, by reviewing the land management plan, it is my understanding that the main 

goal is to develop the area economically in a sustainable way while making efforts to 

protect its biodiversity. One of the main economic activities that is being facilitated by 

the plan in certain subzones of Yum Balam are tourism and shrimp farming, as well as 

agriculture. Since the land management plan is still quite new, my expectations are that 

in the coming years, an assessment of the performance of the land management plan 

will provide more information about the actual state of mangrove conservation in Yum 

Balam. 
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Chapter 2. Critical literature review 

This section provides a review of some of the recent studies on spatiotemporal 

changes and conservation policy related to mangrove forests, as well as studies that 

examine the causes of mangrove deforestation. The chapter undertakes an analysis of 

what is known about possible drivers of change in mangrove forests, what is being done 

to protect them, and how they have changed, in addition to an effort to identify any 

possible trends or similarities in some case studies related to conservation. 

The literature reviewed demonstrates that there are many common variables that 

contribute to the loss of mangroves, such as unplanned tourism development, the use 

of natural resources for economic gain, the need to include local participation in 

conservation policies, and the neglect of the value of traditional knowledge as a 

precious source of information, as well as the lack of enforcement of conservation 

policies. A clear point that emerges from this review is that the government and 

interested actors need to work together to find ways to overcome the challenges at hand 

and come to an agreement on how to manage the area that benefits most without adding 

stress to the land. Similarly, to elaborate a land management plan that is successful and 

that reflects a more inclusive vision of everybody’s interests; my analysis shows that 

the government needs to allow and encourage conversations amongst stakeholders to 

facilitate coming to agreements. 

2.1 Spatiotemporal changes in mangrove cover 

The use of GIS tools and remote sensing techniques is often promoted for 

spatiotemporal studies since they allow for better identification of spatial changes and 

any trends that could indicate an underlying problem with how mangrove forests are 

being managed. By using satellite imagery and the different classification techniques 
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available, it is possible to conduct an analysis of mangrove forest changes over time to 

compare mangrove cover in each period and identify human activities associated with 

the observed changes.            

Many researchers use GIS and remote sensing techniques for the study of 

spatiotemporal changes in mangrove forests, recommending the use of remote sensing 

data available online from the United States Geological Survey (USGS) like 

LANDSAT and SPOT images (Giri, 2016; Mondal & Kumar, 2021; Rodríguez, 2019) 

as well as land cover data elaborated by government agencies, such as Instituto 

Nacional de Estadistica y Geografía INEGI, regarding census, surveys, and spatial 

information in Mexico. In some studies, land cover data is compared to possible drivers 

of change like temperature, precipitation, and sea level; explaining that in some cases, 

the variance in mangrove extent could be due to seasonality (Rodríguez, 2019). Other 

authors use land cover maps to assess forest fragmentation over time, and by using 

Landsat images, they perform a visual interpretation of the landscape and manually 

classify it (Gilani et al., 2021; Mondal & Kumar, 2021). Lastly, Longitudinal data 

analysis is relevant to this study because it allows making comparisons between a series 

of “snapshots” of mangrove forests in Yum Balam over different time periods, allowing 

a better understanding of the changes in mangrove cover.  

For a successful mangrove classification, a combination between textures and 

mangrove species is needed to obtain a proper classification, as well as the use of 

infrared spectroscopy and Sentinel 2 images to improve spatial and temporal 

resolutions since mangroves can be hard to classify because they are often found in 

cloudy regions (Giri, 2016). Using Google Engine (an online, free access remote 

sensing tool) to process images is an effective way to use the available data online and 
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save space on a device, since it works with data available on a cloud; the only downfall 

is the need for coding skills to use this tool (Gilani et al., 2021). 

The drivers of changes in mangrove cover are of either natural or anthropogenic 

origin, such as variations in rainfall, temperature, salinity, land conversion, pollution, 

uncontrolled growth of human settlements, the establishment of shrimp fisheries, and 

overexploitation of the available resources (Gilani et al., 2021; Mondal et al., 2021; 

Temudo & Cabral, 2017). Although in some instances, there were multiple variables 

influencing mangrove cover change, it was not uncommon to see studies that would 

focus their attention on drivers of either natural or anthropogenic origin but not both 

(Beitl et al., 2019; Borges et al., 2017; Rodríguez, 2019). Primary drivers tend to be the 

result of land-use changes for diverse activities, like aquaculture, agriculture, and other 

activities related to urban contexts. 

The studies reviewed show the use of satellite images (most commonly free 

Landsat images) and vegetation indices to make analyses over time to either detect 

possible drivers of change or identify how these changes have happened in the past and 

try to predict how they will continue to happen in the future. Authors also commonly 

give a brief history of mangrove conservation policies and mangrove changes to explain 

why these spatiotemporal studies are relevant. Case studies in India, Pakistan, and 

Florida all show the importance of analysing mangrove cover extent over time for 

conservation purposes, as well as to obtain international funding and to predict future 

scenarios and prepare for them (Beitl et al., 2019; Gilani et al., 2021; Rodríguez, 2019). 

For this study, using spatial information was essential to analyse the changes in 

mangrove cover in Yum Balam, and to relate them to important events for the 

conservation of these forests in the area. 
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When using remote sensing techniques to analyse landscapes, it is important to 

understand local experiences, needs, and challenges that allow for the elaboration of 

flexible management strategies related to local peculiarities. Additionally, periodic 

assessment and long-term monitoring allow for the continuous adaptation of policies to 

a constantly changing context, such as in the case of land tenure (Beitl et al., 2019; 

Borges et al., 2017). While many researchers acknowledge the close relationship 

between the type of land tenure (e.g., private, social) and changes in land use (e.g., from 

agriculture to urban settlements or conservation) it is not common to find studies that 

show a direct relation between the two. 

It is important to highlight that geospatial techniques can only produce 

representations of reality and not reality itself since there are many variables that cannot 

be represented in a two-dimensional map. Because of this, the use of GIS tools 

combined with ethnographic research methods, such as interviews, forums, and 

fieldwork to understand the social context and relate it to the rest of the environment 

and consequently, be able to better identify any trends is encouraged (Beitl et al., 2019; 

Borges et al., 2017; Mondal et al., 2021).  For example, some authors have carried out 

multitemporal analysis based on remote sensing using Landsat imagery that was 

complemented by applying interviews and using participatory research methods on 

their field trips to corroborate and collect data to calculate the rate of deforestation, 

showing a clear connection between spatial change analyses and deforestation studies 

(De Faria et al., 2014; Hirales-Cota et al., 2010). For this project, I mainly focused on 

spatiotemporal changes for which ethnographic methods were not necessary to 

counteract the limitations that emerged from the COVID-19 pandemic; however, 

newspaper articles were consulted to make connections between the spatial information 

at hand and the social context. 
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In addition, it appears that there are not enough spatiotemporal studies that allow 

for a comparison of the data obtained over time; nevertheless, there are platforms like 

the Global Mangrove Watch that have gathered some of the available data to show it 

online and allow for some comparisons to be made for certain areas. The importance of 

having readily available spatial data to evaluate the success of the land management 

plans cannot be ignored (Gilani et al., 2021). Therefore, studies that offer information 

about the evolution of mangrove forests in a region and how local communities relate 

to it are necessary to better understand the current state of these ecosystems and what 

is needed for their conservation. Additionally, comparing land cover data to data for 

temperature, precipitation, sea-level changes, and distance to the sea is encouraged by 

some authors, as was previously mentioned, to identify the primary drivers of change 

such as agriculture and urban expansion. Studies comparing land tenure changes to land 

cover changes are scarce but valuable in some contexts, like the Mexican context 

because of its history of social struggles focusing on the tenure of social property.  

Mangrove deforestation studies are closely related to spatiotemporal studies, 

only focusing on studying the reasons for the loss of mangroves while also considering 

other drivers of change. Many believe the loss of mangroves is usually a result of human 

activities; however, there are additional threats that are not directly attributable to the 

social dimension, in particular storms and hurricanes. From late 1990 to early 2000, 14 

cyclonic events impacted mangrove forests of the Yucatan Peninsula (SEMARNAT, 

2019) and predictions suggest that 30-40% of mangroves and other coastal wetlands 

could be lost in the next 100 years if the present loss rate continues due to climate 

change and other variables of anthropogenic origin (Giri, 2016, Kathiresan, 2012).  While 

there may be a general idea of the main drivers of mangrove deforestation and rates of 
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change in the spatial extent of mangrove extent, the rates of loss vary over time and in 

different regions. 

In the Mexican Caribbean, there has been a rapid development of the tourist 

sector that had led to environmental changes and alterations in the ecosystem that have 

not always been properly identified nor quantified, creating the need to perform 

fieldwork and perform interviews to cross-check the information obtained in the field 

with the information given by official institutions (Hirales-Cota et al., 2010). In other 

cases, mangrove wood has been used as fuelwood, for charcoal, and for other domestic 

uses, like cooking, which has led to changes in the coastal area, and this has had broad-

scale implications for the environment and culture, influencing the interactions between 

people and nature. Another cause of mangrove loss is the conversion to shrimp ponds 

or changes in hydrology and land tenure (Adame et al., 2018).  

Countries from the Global South are more likely to struggle with mangrove 

conservation while perceiving conservation efforts in countries of the Global North to 

have been successful. A counterargument to this is that countries from the Global North 

have managed to protect their biodiversity by encouraging the importation of goods or 

the exploitation of resources from countries in the Global South (Ruiz-Luna et al., 

2008). An example of this is the extractivism of Canadian mining companies in Latin 

America, related to regional violations of human rights and impacts on the environment, 

while at the same time, Canada advocates strongly for the conservation of its natural 

areas (Valencia, 2020). The impacted countries continue to face deforestation processes 

and changes in the landscape, affecting the configuration of the land (Ruiz-Luna et al., 

2008). In these places, access to resources tends to be restricted, however, authors have 
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found that restricted access to resources translates into lesser appreciation of them, 

perceiving them as having less value (Ruiz-Luna et al., 2008). 

It is important to highlight the need to grant access to members of the 

community to the use of resources in a sustainable way, and to elaborate any guidelines 

for the sustainable use of resources so there is a feeling of inclusion and a sense of 

transparency. Additionally, there is a need for more mangrove deforestation studies that 

help identify common drivers of loss and develop better-informed conservation policies 

(Hirales-Cota et al., 2010). Changing socio-economic dynamics, local use of mangrove 

wood for construction, as fuelwood, or for charcoal; as well as the promotion of tourism 

and aquaculture make mangrove conservation a necessity in some areas (Armitage, 

2002; Idrus et al., 2019).  

For my research, an environmental geography lens that analyses and describes 

spatial features between humans and the natural world – combining human geography 

and geomatics techniques – was appropriate as it allows the use of land cover data 

(either satellite imagery or data derived from a processed satellite image) to calculate 

changes in the landscape, combined with additional data to show how human activities 

can transform the land (Contreras & Aguilar, 2017). Moreover, an environmental 

geography lens along with a political ecology (further elaborated in this chapter) lens 

allows researchers to better understand how the environmental crisis humanity 

currently faces is part of a larger long-term crisis that has been intensified by the 

establishment of the capitalist system. 

2.2 Conservation policy for mangrove forests within protected areas 

This section outlines conservation policy which is often elaborated and 

established in areas where biodiversity is endangered or facing overexploitation, this 
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being the case for mangrove forests because of their proximity to the coastline and the 

economic value of their wood for extraction purposes. Conservation policy may change 

depending on the context, which is why it is important to consider the characteristics of 

each place, and to deal with this, the sub-zoning of the protected area is often 

recommended to properly manage the resources at hand.  

Many mangrove forests have been impacted either by anthropogenic activities 

or natural hazards, therefore conservation efforts are needed to maintain what is left of 

mangrove forests. To trace the reasons why mangrove is being lost and the ways in 

which governments can ensure their conservation, it is important to understand who 

participates, who benefits, and what institutions are involved in the elaboration of 

conservation policy (Armitage, 2002). Lugo et al. (2014) identified three main obstacles 

to effective mangrove protection policy: 1) lack of knowledge about mangroves: how 

are they affected? Where are they located? And what services do they provide? 2) 

polarised opinions on how to manage mangroves and what policies are more efficient, 

and 3) separation between types of knowledge: empirical and traditional. In Chapters 4 

and 5, I analyse and discuss whether the land management plan indicates the main 

drivers of change in mangrove cover, what is the official narrative on how to manage 

mangrove forests in Yum Balam, and if both academic and traditional knowledge are 

considered for the elaboration of policies. Next, by following an environmental 

geography lens I process and analyse the spatial data collected and try to identify any 

relations to important events in the history of mangrove conservation in Yum Balam; 

this was done by searching for newspaper articles and other relevant documents online. 

Other obstacles to an effective mangrove protection policy are the clear 

overexploitation and lack of knowledge about mangrove forests back in the 1980s and 
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1990s, the poor integration of mangrove conservation plans into environmental 

agendas, a lack of human economic resources, administrative inefficiency, policies that 

allow for the privatisation of lands within protected areas, fast-paced tourist 

development and lack of proper jurisdiction (Brenner et al., 2018). Moreover, some 

authors mention that corruption in countries of the Global South, especially around 

places where tourism development occurs, is a major obstacle when enforcing 

conservation policy, causing at times further damages to local members of the 

community and therefore making them more vulnerable (Getzner & Shariful Islam, 

2013).  

As a response to some challenges to conservation, financial instruments are 

often promoted, such as payments for environmental services, conservation easements, 

and mitigation banking (Lugo et al., 2014).  When obtaining data, authors such as Lugo 

et al (2014)  highlight the importance of knowing where the information is coming from 

and whom it was produced for, as well as the importance of the participation of local 

communities in the decision-making process. Nevertheless, even though there have 

been ways in which members of the community have participated (e.g., forums or 

interviews), there has not been the participation of an institution created by and for the 

community (Idrus et al., 2019). 

While elaborating conservation policy, it is necessary to keep in mind how the 

land is being used since it has a different impact on the effectiveness of conservation 

efforts. In social property, as well as private property, formal protection was effectively 

enforced; however, some authors fear that illicit activities did not stop but were only 

performed in areas without special protection. Protecting communally held land, 

especially in an area where tourism is promoted, may reduce deforestation compared to 

https://www.zotero.org/google-docs/?broken=05uxwG
https://www.zotero.org/google-docs/?broken=05uxwG
https://www.zotero.org/google-docs/?broken=05uxwG
https://www.zotero.org/google-docs/?broken=05uxwG
https://www.zotero.org/google-docs/?broken=05uxwG
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forested areas that fall within a private jurisdiction (Miteva et al., 2019). However, 

highly variable forest loss rates in communal lands also indicate that other factors may 

be central to understanding the impacts of protective measures (Miteva et al., 2019). In 

some regions like India, communal land shows positive results in forest conservation 

and resource administration due to the use of mangroves for low impact practices like 

fuelwood (Mondal et al., 2021). For example, ejidos can enable the conservation of 

natural resources since its collective property tenure may facilitate community-based 

conservation (Miteva et al., 2019). 

In contrast, there is research that discusses variability in the results of mangrove 

conservation policies in different spatiotemporal studies. Authors like Friess and Webb 

(2014) mention this could be caused by the difference in time periods they cover, 

insufficient metadata, or images with low resolution. Current sources of satellite 

imagery help give a sense of more transparency in the data that is being offered by 

official institutions, but the importance of historical spatial data sets should not be 

ignored since they help government agencies and NGOs to keep revising the 

conservation policies and make informed decisions based on the data obtained. In some 

cases, the number of lost species will not be quantified accurately, and the data tends to 

vary; other stakeholders feel this hinders the feeling of transparency and accuracy 

(Friess & Webb, 2014). 

Many studies generate a policy case for mangrove protection based on market-

oriented management options, making it important to give agency to different groups 

depending on their context. It is common to use a political ecology lens to try to 

compare both the real and perceived benefits in order to critically question policy 

narratives that favour the privatisation of the land and to explore interactions with land 
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management efforts for forest restoration and conservation (Armitage, 2002). In 

response to this, authors like Lugo et al. (2014), discuss the inefficiency of trying to 

solve these issues through economic gain since sometimes enforcement measures/the 

punishment for impacting natural resources is reduced to financial remuneration (e.g., 

fines), making many investors think that impacts to the environment are easily solved 

with money. To make sure the money collected by these fines goes towards 

conservation efforts, authors suggest that fines are higher, and the money is used to 

expand protected areas (Lugo et al., 2014). 

The examined studies show a tendency to elaborate conservation policies based 

on the promotion of productive activities to encourage sustainable economic gain. An 

example of this is the promotion of activities that were already part of the livelihoods 

of local people (e.g., fishing and agriculture), which shows a clear capitalization of 

nature. Despite promoting some activities more than others, like aquaculture and 

tourism, often, the official policy promotes the diversification of activities to reduce the 

stress on some elements of the environment (Idrus et al., 2019).  

To conduct research on conservation policy analysis, many authors use data 

related to population growth, mangrove cover extent, uses of mangrove, political 

agendas, changes in property rights, economic benefits associated with mangrove 

forests, and aquaculture developments, among others. By analysing this information, it 

is possible to explore how specific frameworks interact with administrative agendas. 

To complement such analysis, conducting fieldwork to obtain additional data and 

corroborate data obtained elsewhere is often necessary. The recommendation to 

elaborate fieldwork coincides with what is suggested for spatiotemporal analysis, 

making it clear that a study that integrates both archival and field research is often more 
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useful for its incorporation of other´s perspectives and the possibility assess the 

situation in person (Armitage, 2002). While I was not able to conduct fieldwork because 

of the COVID-19 pandemic, my analysis does incorporate multiple factors to find 

connections between the spatiotemporal changes observed and the social context in 

Yum Balam. Some of the actions I performed to achieve this are an analysis of 

conservation policies and important events related to conservation history in Yum 

Balam, as well as a review of newspaper articles to find any events related to mangrove 

forests. 

Reading the land management plans helps to understand the intentions behind 

them. What is the main purpose of the plan from the government’s perspective? What 

is the narrative they construct? How are they managing the land? (Armitage, 2002). 

Furthermore, the performance of protected areas may be significantly hindered by the 

lack of funds and effective institutions especially in developing countries, making 

formal protection and enforcement problematic. For this community, land tenure has 

been considered an alternative to incentivize and empower local communities to 

manage forest resources sustainably (Miteva et al., 2019). Future studies need to 

promote coordinated ecophysiological and ecosystemic level studies of mangrove 

conditions under the influence of variables associated with the Anthropocene (Lugo et 

al., 2014). 

Assessing land management plans also helps to understand how socio-political, 

institutional, and economical factors coalesce in unpredictable ways. This is suggested 

after finding that unequal distribution of wealth is common in many areas, given that 

many times foreign stakeholders and investors are the ones who benefit from the 

economic development of the region, instead of local people thanks to unclear 
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frameworks, suspicious policies, and legislations that leave the status of the land 

unclear (Armitage, 2002; Lugo et al., 2014).  

For this research, I was interested in analysing the conservation policies 

implemented by the land management plan in Yum Balam to identify the official 

narrative of government agencies, the plan of action for the conservation of mangroves 

in Yum Balam, and under what framework the conservation of the area was elaborated. 

Political ecology helps identify and denounce conservation policies that have 

historically been detrimental to the protection of natural areas; it is also useful to help 

recognize the inequalities generated by power dynamics that result from the imposition 

of scientific knowledge over traditional knowledge, in addition to having unequal 

access to information (Robbins, 2012; Vaccaro et al., 2013). On the other hand, a political 

ecology approach helps understand how under a neoliberal framework, nature is usually 

commodified and consumed (Robbins, 2012; Vaccaro et al., 2013). 

In addition, political ecology studies social and environmental changes to find 

issues to solve and emerge as a response to neoliberal narratives that are presented as 

apolitical and seek legitimation through science and the commodification of natural 

resources while also making the most vulnerable and low-income population 

responsible for environmental degradation and “poor” land management without 

acknowledging inequities in access to information or government benefits, as was the 

case of many ejidatarios in Holbox, who did not know they were selling their 

communal rights along with their land, thus affecting their livelihoods in the future 

(Muñoz, 2016; Pérez, 2019). The methods used by political ecology are diverse and 

vary from the use of remote sensing techniques and GIS to the application of interviews 

and participatory mapping (Zimmerer, 2015). 
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My expectations of the land management plan were that, like most political 

responses to such a crisis, the land management plan for Yum Balam also falls into 

what is seen as a “green modernization” theory by reducing environmental problems to 

merely technical issues that are believed to be resolvable through technocratic market-

based governance, ignoring the direct connection neoliberal capitalism has with 

ecological degradation (Napoletano et al., 2019). 

Lastly, a literature review of several country reports and the elaboration of a 

database for statistical analysis to create predictions of alterations and identify drivers 

of change have been recommended by several authors who believe that having enough 

accurate data over past periods is essential to elaborate appropriate policies that respond 

to real ecosystem function data (Friess & Webb, 2014).  
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Chapter 3. Research design and methodology 

This research consists of a (i) spatiotemporal analysis of the changes in mangrove 

extension in Yum Balam from 1981 to 2020 using data provided by government 

agencies and derived from satellite imagery and (ii) a review of the conservation 

policies affecting Yum Balam, as well as (iii) an analysis of the overall vision of the 

land management plan and the activities that are allowed in regions where mangrove 

trees are present. To conduct the spatiotemporal analysis, I processed and analysed data 

obtained from the Comisión Nacional para el Conocimiento y Uso de la Biodiversidad 

(CONABIO) and the Instituto Nacional de Estadística y Geografía (INEGI) to create a 

series of “snapshot” maps to compare the change in mangrove cover over time, and I 

used the case-study approach, which is used to understand the spatiotemporal changes 

in mangrove cover in Yum Balam to further understand the changes in mangrove cover 

in Yum Balam. 

3.1 Study Area 

The Yum Balam Flora and Fauna Protection Area was established in 1994; it 

extends from the entire coastal strip of the municipality of Lázaro Cárdenas to Yalahau 

Lagoon -also known as Hoyo negro Yalahau- and Holbox, to the north of Quintana 

Roo; to the east, the area follows the municipal border with the state of Yucatán (Figure 

1). This region had been considered a rural area where the primary activities were 

fishing and agriculture until recently; nowadays tourism is largely promoted and has 

taken centre stage as one of the main economic activities in the area; because of this, I 

would expect that Yum Balam will continue to economically develop in the near future.   
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Figure 1 Yum Balam and surrounding areas, showing major roads and proximity to 

Cancún. Sources: CONABIO, INEGI (CONANP, 2017a; INEGI, 2021).  

Lagoon strip mangroves, as is the case of those bordering the Conil Lagoon, are 

dominated by red mangrove (Rhizophora mangle) and black mangrove (Avicennia 

germinans), while white mangrove (Laguncularia racemosa) and buttonwood 

mangrove (Conocarpus erectus) are also present but in lower densities (CONABIO, 

2013b). The red mangrove and buttonwood mangrove are the only two species found 

in the Yucatán Peninsula to not be considered under the Red List of the International 

Union for the Conservation of Nature (UICN) (Table 1). Having different mangrove 

species, however, does not have an impact on the level of protection given to each 

species or their endangerment status, since all mangrove species in Yum Balam are 

considered to be under the same norm, NOM-059-SEMARNAT-2010 (SEMARNAT, 
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2019). Yum Balam is known for its mangrove forests (Figure 2), tropical jungles, 

estuaries, and lagoons (SIG Peninsula de Yucatán, 2008), with an area of 154,052 

hectares3. In addition, it has large biologically productive areas for fishing (CONANP, 

2017a).  The environmental services that Yum Balam provides are climate regulation, 

conservation of hydrological cycles, nitrogen fixation, soil formation, carbon 

sequestration, erosion control, pollination, natural pest control, and organic waste 

degradation, among many others (CONANP, 2017b). 

  

 
3 52, 307.62 ha of land and 101, 744.63 ha of marine surface including coastal lagoons, estuaries, and 

freshwater lakes (CONANP, n/d) 
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Name Description Protection Image 

Rhizophora 

mangle (red 

mangrove). 

• Can grow up to 30 m. high.  

• Hypersaline environment.  

• Agricultural or urban habitat.  

• Secondary vegetation. 

NOM-059-SEMARNAT-2001: Sujetas a 

protección especial (Pr) 
NOM-059-SEMARNAT-2019: Amenazadas 

(A) 
UICN: Preocupación menor (LC least 

concern) 
 

Laguncurari 

racemosa 

(white 

mangrove).  

• Can grow up to 20 m. high.  

• Commonly associated with buttonwood, 

red, and black mangrove.   

• Agricultural habitat. 

• Grows in coastal areas in bays, lakes, and 

estuaries 

• Located in the inner parts of the 

mangrove forest, further away from the 

tideline than most species.  

NOM-059-SEMARNAT-2001: Sujetas a 

protección especial (Pr) 
NOM-059-SEMARNAT: Amenazadas (A) 
UICN: Preocupación menor (LC least 

concern) 
NOM-059-SEMARNAT-2019: Amenazadas 

(A) 

 

Avicennia 

germinans 

(black 

mangrove).  

• Can grow up to 30 m. high.  

• Hypersaline environment.  

• Agricultural habitat. 

• Grows in the intertidal regions of 

sheltered tropical and subtropical coasts. 

• Mortality increases and relative growth 

rate decreases at high salinity values. 

NOM-059-SEMARNAT-2001: Sujetas a 

protección especial (Pr) 
UICN: Preocupación menor (LC least 

concern) 
NOM-059-SEMARNAT-2019: Amenazadas 

(A)  
 

Conocarpus 

erectus 

(buttonwood 

mangrove).  

• Can grow up to 10-20 m. high.  

• Commonly found in floodable lowland 

forests.  

• Urban and agricultural habitats.  

• Secondary vegetation.  

NOM-059-SEMARNAT-2001: Sujetas a 

protección especial (Pr). 
UICN: Preocupación menor (LC least 

concern). 
NOM-059-SEMARNAT-2019: Amenazadas 

(A).  

Table 1 Mangroves of Yum Balam.  Source: CONABIO (CONABIO, 2013a). 
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Figure 2 Mangrove cover in Yum Balam as of 2020. Source: CONABIO, INEGI 

(2021; 2021). 

Yum Balam is an important region for the Mayan peninsular culture and has a 

few archaeological sites that show this. Holbox and Chiquilá are the only two 

communities located within Yum Balam´s main area, while Kantunilkín, San Ángel 

San Eusebio, Solferino, and Francisco May can be found in the area of influence 

(SEMARNAT, 2019). Lázaro Cárdenas, the municipality in which Yum Balam is 

located, has a total population of 22,434 inhabitants, 65% of Mayan origin. This region 

has a high degree of marginalisation and a few differences between economic classes 

(CONANP, 2017b). 
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The connection between Chiquila and Holbox is of great relevance since they 

represent two distinct economic and cultural subregions within Yum Balam. Chiquila 

is where people from Holbox travel to get to other places on the mainland, making the 

port of Chiquila a necessary stop for people coming from and to Holbox. It is important 

to highlight the role of this port since it is one of the most visited areas in Yum Balam 

(SEMARNAT, 2019). 

In Chiquila (1,463 inhabitants), the main activities are fishing and tourism. As 

previously mentioned, it is the gateway to Holbox since it is the port from where ferries 

depart to carry tourists and local people to the island as well as the place from where 

all goods and services are taken to the community. Its policies on productive activities 

are linked especially to fisheries due to the presence of the biggest lobster fishing effort 

in the vicinity. There is a tendency for the urban areas around the region (e.g., Cancun, 

Isla Mujeres) to grow; however, they are limited by the mangrove that surrounds the 

region. Tourist cooperative societies in Chiquila offer the classic tours of the local flora 

and fauna, showing a growing pressure of the developing touristic sector (CONANP, 

2017b). 

Holbox (1,164 inhabitants), meaning “black hole” in Mayan, is a small island 

located in the north of Quintana Roo (Palafox-Muñóz & Bolan-Sorchini, 2019). 

Tourism is a big source of ecological pressure on this island, making most of the 

population migratory, thus coming to Holbox for peak season in the summer and winter, 

when the number of visitors increases, and returning to their communities once the 

season is over. This community once had a strong fishing tradition; however, with the 

development of the tourist sector, economic activities now focus on providing tertiary 

services (CONANP, 2017b). 
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It is important to keep in mind that economic activities affect how the land is 

managed, and subsequently, how it is impacted by the people that inhabit it. As 

mentioned, the main economic activities in these localities are fishing and tourism, and 

because of this, people in local communities are beginning to abandon activities like 

agriculture and raising livestock and moving to bigger cities to work in tourism-related 

jobs. As a response to this, rural communities are starting to move towards activities 

that offer goods and services to visitors, abandoning traditional activities like 

agriculture or aquaculture (CONANP, 2017b). In turn, migration to these communities’ 

results in the expansion/construction of existing urban areas to accommodate a growing 

urban population, resulting in spatial changes and possible impacts on adjacent or 

proximal mangrove forests. On the other hand, a growing influx of tourists results in 

higher stress on the land, and in this case, on mangrove forests, thus impacting their 

ecological functions at different levels depending on the activities performed. 

Local people who depend on activities for sustenance usually work with 

traditional technology, rainfed land, and without artificial fertilisers. To cope with this, 

some local people use a traditional method to prepare the land for agriculture called 

“slash and burn” which consists of clearing and burning the desired land; this can be 

dangerous when the fires are not being monitored because they can easily become 

unmanageable and result in a forest fire, possibly impacting endangered species like 

mangroves. On the other hand, bovine production is quite a predominant activity, being 

performed extensively on the land with the acquisition of cattle and sheep and the 

clearing of land -like mangrove forests- for livestock (Isla Holbox Quintana Roo, 

2008).  
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The existence of mangroves is not only relevant for wood production but also 

for activities such as fishing and apiculture, both present in the area. Mangrove trees 

constitute an ideal environment for breeding many seafood species, especially shrimp. 

Apiculture has been growing activity in Yum Balam, resulting in a rural development 

program that promotes this activity as sustainable for the long term (Gómez, 2005).  

Finally, Yum Balam, as a natural protected area that holds several endangered 

and local species, has been promoted as a place where ecotourism is encouraged, 

following the narrative that this type of tourism is low impact, and when properly 

developed, is a sustainable activity that helps the conservation of biodiversity. It is 

necessary to know the context in which these activities will be practised so that the 

conservation efforts are successful and respond to the livelihood/real needs of the 

people that inhabit this land. 

3.2 Spatial methods and methodology for the interpretation of spatial data 

A core element of the research design is a spatiotemporal analysis of/and land 

cover change based primarily on a time series analysis of open-source land cover data 

obtained from CONABIO and INEGI, that was produced using satellite imagery. 

Spatial analysis of land cover change takes advantage of remote sensing for landscape 

analysis at larger geographic scales using geographic information systems (Diario 

Oficial de la Federación, 1994). As mentioned, the data obtained from government 

institutions had already been analysed and processed by said institutions; therefore, no 

additional processes related to remote sensing were needed to use these files as 

snapshots of mangrove cover at different points in time.  However, geoprocessing tools 

were used to reproject and analyse the data so that the results could be compared to 

those obtained from a remote sensing exercise using Google Engine. To identify the 
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changes in mangrove cover and determine whether there are any discernible periods of 

change in mangrove cover, the spatiotemporal analysis was essential.  

For the national inventory, CONABIO classifies mangroves into five regions: 

North Pacific Region, Central Pacific Region, South Pacific Region, Mexican Gulf, and 

Yucatan Peninsula. This interpretation was performed by a team from CONABIO, and 

it was based on the interdependent method, using the most recent images to identify 

any changes in land cover. For the classification of the identified elements4 CONABIO 

used 9 categories, including “mangrove” and “disturbed mangrove”. For this research, 

the classes were simplified to “mangrove” or “no mangrove” making the data more 

consistent and comparable between different years; for this, the mangroves classified 

as disturbed mangrove were reclassified as “no mangrove”.  

Given that the data obtained was not elaborated following the same guidelines, 

it was necessary to compile and organise it to determine which files would have to be 

submitted through different processes to homogenise it. For this research, most 

shapefiles used had to be reprojected to WGS84 16 UTM coordinate projection since 

all data was downloaded from INEGI and CONABIO and they had been given an ITRF 

projection when they were created. 

The mangrove cover spatial data layers for the entire country were clipped to 

the combined area of Yucatán and Quintana Roo, the boundaries of Yum Balam, and 

its buffer zone, while the spatial divisions within the protected area indicating the sub-

zones for management were obtained from CONABIO. The 15 management sub-zones 

within Yum Balam were consolidated into four categories (not including the buffer 

 
4 The elements are human settlements, agricultural lands, other vegetation, mangrove, disturbed 

mangrove, other wetlands, bodies of water, and others 
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zone): sustainable resource use, conservation, human settlements, and recovery zones, 

based on the uses designated for each area. For visual analysis and to make the maps 

for this thesis, spatial data layers representing roads in urban and rural areas were 

obtained from INEGI and added to the GIS database.  

To calculate mangrove losses and gains from 1981 to 2020, a new area field was 

added to the attribute tables of all six shapefiles; and populated with area values for 

each polygon. Losses and gains between years were obtained through an overlay 

analysis. The “erase” tool was used to produce a new shapefile of mangrove cover 

losses, leaving only the areas from the earlier year that were not in the later year. To 

calculate gains, the same erase tool was used, but the layers were reversed. Two 

additional spatial data layers (losses and gains) were thus created for the following 

periods: 1981-2005, 2005-2010, 2010-2015, and 2015-2020. Using the newly created 

shapefiles, it was then possible to prepare a spreadsheet tabulating changes in mangrove 

cover in Yum Balam and to make maps for visual analysis. This exercise was performed 

several times5 since trial and error was needed to identify errors in the calculations; for 

each trial, an unaltered dataset was used in order to have untouched data to work with, 

thus reducing the error margin. 

The national inventory of mangroves in Mexico was a project coordinated by 

CONABIO, INEGI and CONANP mainly, as well as with the collaboration of experts 

in mangrove forests and academics of different institutions throughout the country 

(Manríquez, 2018). This inventory was created with the objective to evaluate the 

 
5 A first exercise was performed previously without reprojecting the images since each shapefile already 

has in its table of contents a field to calculate the area; however, the results were not accurate, and it was 

later noticed that many polygons had a duplicate or more. After different trials and errors, layers 1981, 

2005, and 2010 were corrected by reprojecting them, deleting duplicates, and cleaning up slivers, making 

it possible to obtain a satisfactory result showing the rates of loss and gain of mangrove for each period. 
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extension and distribution of mangrove trees in Mexico. The published data, however, 

has several discrepancies in methods, data sources, and scales of analysis, which 

hinders the comparison of different data; therefore, not allowing a clear knowledge of 

the factors that have influenced the changes that occurred to mangroves throughout the 

past three decades (Manríquez, 2018).  

Because of the uncertainty that the data obtained from CONABIO showed at 

first, I decided to make a comparison between the mangrove distribution shapefiles and 

the mangrove surface change shapefiles, as well as the data provided by the Global 

Mangrove Watch (with images from 2007, 2010 and 2015) and the data obtained 

through the random forest classification done in Google Engine (LANDSAT images 

from 2005, 2010, 2015 and 2020.). Although the periodicity of each dataset is slightly 

different, I considered the total hectares of mangrove for each period would not be so 

different. 

At first, when using the mangrove distribution shapefiles obtained from INEGI 

from 1981 to 2020, before reprojecting them, I noticed some discrepancies with the 

total area of mangrove cover that was calculated for each period of the dataset from 

INEGI; therefore, in an effort to test the accuracy of the data from INEGI, I decided to 

conduct an exercise on remote sensing using Google Engine, following a script6 code 

from NASA that was originally made to monitor mangrove changes in Guyana 

overtime. As the script indicated, first it was necessary to designate the area of interest 

and create a function to mask any clouds that could be seen in the Landsat images; then, 

spectral indices were added to help classify the image, the vegetation indices used were: 

NDVI, NDMI, MNDWI. To obtain the images for the desired years, a variable to add 

 
6 The script can be found in: https://www.youtube.com/watch?v=5Venmt7t6BI (NASA, 2020) 

https://www.youtube.com/watch?v=5Venmt7t6BI
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temporal parameters was employed, and after this, all filters and masks were applied to 

the images. The images were then clipped to the area of interest and an elevation mask 

was added, considering that mangroves are not usually seen on land that is over 65 m 

high. After this step, an NDVI, an MNDWI, and an elevation mask were applied to the 

images. To display the results, bands B5, B6, and B4 were selected for the Landsat 8 

images, while bands B4, B5, and B3 were used for the Landsat 7 images. 

To classify the images, the script shows directions to perform a Random Forest 

classification, which was done by drawing training polygons with the categories: 

mangrove (1), and no mangrove (0) and leaving some of these samples aside for testing 

the accuracy of the model; the Random Forest Classification used 100 trees, and 5 

predictors per split of samples. To validate the accuracy of the classification, a 

validation error matrix was created; according to the authors of the script, for a 

classification to be considered “good”, the score has to be as close as possible to “1”. 

The scores obtained were “1” for “no mangrove” and “0.3” for mangrove. The results 

are then masked to reduce the noise7 in the image and to only display mangrove extent, 

they were then added to the map and put available for download under the “task” tab 

on Google Engine. 

To test the accuracy of the model, the images and the stratified points were 

processed using open source QGIS software, using the “accuracy” plug-in tool that 

allows one to visit each classified point to corroborate its accuracy. Once this process 

is done it is possible to create an error matrix, which was done, obtaining a score of 

85.67, which is “good”, while the Cohen’s kappa coefficient, a statistic to measure the 

 
7 A term used to refer to elements that disturb the analysis of the image 
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accuracy of the classification of remotely sensed data, scored 0.71, also considered 

“good”. 

After the model was run and tested, the raster images obtained were imported 

into ArcMap and converted from raster images to vector polygons to clip them to the 

area of interest and then used to obtain the extent of loss and gain for each period. Two 

maps were created comparing the data obtained for all four periods. 

Both of the processes performed give important information about the reality of 

mangroves in Yum Balam and are an important element of this study. They require the 

use of spatial data that once it has been processed, allows a better understanding of the 

social dimension and how the current situation of mangrove forests has come to be. 

Lastly, it is important to acknowledge that the results shown by these methods are not 

necessarily an exact reflection of reality, but they are an important step towards 

understanding the complexity of the elements (both of natural and anthropogenic 

origin) shape the landscape. 

3.3 Conservation policy analysis: methodology, and history of conservation in Yum 

Balam 

Another element of this research consists of an analysis of conservation policy 

based on the land management plan, the official decree for the establishment of Yum 

Balam, and documents directly related to the conservation of the natural protected area. 

In addition to this, I elaborated a map to identify the different sub-zones in Yum Balam 

and I classified them into four categories: areas for the extraction of resources in a 

sustainable way called “sustainable use”, human settlements, areas focused on 

conservation of biodiversity, and an area for environmental recovery. 
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To get a broader view of the history of mangrove forest conservation and 

identify drivers of change in Yum Balam, apart from the temporal analysis, a search 

was performed for any news related to the current environmental state of the 

communities within the protected area. Many newspaper articles were found that 

indicated a change in the management of resources in this area, mainly due to the 

presence of new actors like foreign entrepreneurs/businessmen and investors in the 

community, presumed to have been introduced by the development of the tourist sector, 

since many are dedicated to providing tertiary services. 

 Understanding that the social dimension has an impact on natural processes is 

an important step in the elaboration of conservation policies, given that it allows 

government officials and other stakeholders to better understand the challenges to 

overcome in the short, medium, and long term, in addition to facilitating the application 

of said policies and their success. For this, political ecology represents a helpful tool to 

understand power struggles in the region and the different realities of each sector 

involved. 

In addition to this, a case study approach allowed me to find similarities between 

different studies that focused on mangrove conservation and to understand the 

spatiotemporal changes in mangrove cover in Yum Balam. This approach is useful to 

explain and describe events that occur in everyday contexts, helping identify links 

between policies and changes in mangrove cover (Crowe et al., 2011). 
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In summary, the methods used focused on the spatiotemporal analysis of data 

derived from satellite imagery, that was later processed using a set of geoprocessing 

tools in ArcGIS, which allowed me to reproject the shapefiles for mangrove 

distribution, clip them to the area of interest (Yum Balam), and using the “erase” tool, 

I was able to create separate shapefiles to show the gains and losses of mangrove cover 

for each period. Additionally, the literature review gave me insight into how mangrove 

conservation is being approached in other areas and gave me the theoretical basis to 

justify the use of GIS (Figure 3).   

Figure 3 Methods for analysis. Source: Made by author.  
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Chapter 4.  Findings 

The research presented here reveals, as expected, that there have been 

significant losses in the extent of mangrove forests, especially along the south shore of 

Laguna Conil, south of Holbox, and around the two urban areas within Yum Balam, 

and more recently all around the coastal area to the west and east of Chiquila, around 

Holbox. In addition, long the coastline been significant increases in mangrove cover 

based on the spatial data provided by CONABIO. However, my researchdemonstrates 

that there are discrepancies between the spatial data provided by governmental agencies 

and the data obtained from a global database. This chapter describes and analyses the 

changes in mangrove cover that have occurred and discusses some of the likely causes 

for mangrove deforestation, namely tourism development, road construction, urban 

development, and changes in land tenure. Following this, I review and assess the 

effectiveness of conservation policy in protecting mangrove forests in Yum Balam over 

time, complemented by an analysis of the land management plan created in 2019 by 

government agencies. 

Overall, the findings and analysis demonstrate that significant losses of 

mangrove forests have occurred around the urban area of Chiquila and Holbox, as well 

as to the west of Chiquila and in the northern part of the area for conservation of coastal 

wetlands and that the current conservation policies and plans are not likely to be 

effective without proper enforcement of the conservation policies elaborated,  long-term 

planning of the development of the tourist sector, and public access to information, as 

well as the integration of local communities’ visions and traditional knowledges. 

Lastly, the position given to tourism as one of the main productive activities in the area 

is likely to impact the biodiversity of the most visited areas. 
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4.1 Spatiotemporal changes.  

Overall, the spatial analysis results show major mangrove loss during the 1981-

2005 period followed by small net increases in each of the following periods, and a 

dramatic increase in mangrove extent from 2015 to 2020 (Table 2). The losses of 

mangrove forests seen around Chiquila and Holbox suggest that the identified changes 

are related to the growth of tourism since most hotels are located in urban areas; poor 

waste management because of the uncontrolled growth of population and the increase 

in visitors during peak season; and land tenure changes following the privatization of 

communal ejido lands located in Holbox. 
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Year Mangrove forest 

cover (ha) 

Mangrove losses 

over the previous 

period (ha)  

Mangrove gains 

over the previous 

period (ha)  

 

Total area of 

loss/gain over the 

previous period 

(ha)  

Net loss/gain per 

year (ha) 

Annual change 

in mangrove 

forest cover 

(%) 

1981 6744      

2005 5718 1077 67 -1010 -42.1 -0.6% 

2010 5807 49 137 88 17.8 0.3% 

2015 6148 50 388 338 68.2 1.2% 

2020 7613 374 1841 1467 293.0 4.8% 

 

Table 2 Changes in mangrove cover within Yum Balam, 1981 to 2020. Source: CONABIO (CONABIO, 2013a, 2013b, 2013c, 2016, 

2021). 
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The results show major mangrove losses between 1981 and 2005, especially in 

the coastal area to the east of Chiquila, and around the settlement of Chiquila. Another 

area that seems to have lost mangrove cover is the one to the northeast of Holbox, in 

what is now the subarea for the conservation of wetlands in Isla Chica and Isla Grande 

(Figure 4). This is consistent with the many reports elaborated during the 1980s 

stemming from the first international symposium on the biology and management of 

mangroves (1974) and UNESCO’s establishment of the Working Group 60 on 

Mangrove Ecology which led to the cataloguing of mangrove trees as endangered 

species by 1980 (Ellison & Farnsworth, 1996). In addition to this, the FAO reports that 

from 1980 to 2005 several areas of mangrove in Mexico were clear-cut for aquaculture, 

agriculture, and urban and tourism development. The FAO also reported great losses of 

mangrove cover in the United States, Panama, and Honduras; the losses were related to 

the conversion of land for shrimp farming and salt production, as well as hurricanes and 

conversion of land for agriculture and urban development (CONABIO, 2013; Ellison 

& Farnsworth, 1996; López-Angarita et al., 2016).  

Given that Yum Balam was established in 1994, and the fact that there are large 

temporal gaps in the available spatial data on mangrove cover, it is not possible to assess 

whether the creation of this protected area had any influence on the rates of mangrove 

forest losses between 1981 and 2005. Although the average rate of loss for the entire 

period is relatively low, actual rates may have fluctuated within this period. Whatever 

the actual annual rates might have been, the cumulative impact is significant, with an 

average loss of 42 hectares per year between 1981 and 2005 (Table 2). 
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Figure 4 Mangrove losses and gains 1981-2005. Source: CONABIO, INEGI 

(CONABIO, 2013a; INEGI, 2021).  

 

There were two hurricanes in the Mexican Caribbean in 2005 (the hurricanes 

were called “Emily” and “Wilma”); therefore, many of the losses could be associated 

with these events (FAO, 2007); it is unknown if the clearing of mangrove forests in 

previous years contributed to the impact that these natural phenomena made to the 

coasts of Yum Balam.  By 2005, the total mangrove cover in Yum Balam was 5718 ha 

with 1077 ha lost over the previous period and only 67 ha gained by 2005, resulting in 

a total loss of 1010 ha (Figure 5). In 2010, hurricane Paula impacted Holbox, leading 

to the evacuation of 2,500 people (Serrano, 2010). Notably, 2005-2010 was the first 

period showing improved rates of gains in mangrove cover, with a net gain of 17.8 ha 

per year over the period from 1981-2005 (Table 2).
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Figure 5 Mangrove losses and gains 2005-2010. Source: CONABIO, INEGI 

(CONABIO, 2013; INEGI, 2021).  

In 2014, 15 ejidatarios were detained after clearing a mangrove area to the 

southwest of the region, known as “Isla Chica,”8 in Holbox (Miranda, 2014). This is 

not accounted for in the data obtained from CONABIO (Figure 6). However, there were 

already debates about the damage that Yum Balam was facing with the construction of 

a new tourist development called “La Ensenada''. This development was proposed back 

in 2012 by an investor, the head of a local Coca-Cola distribution centre who had just 

purchased lands that were previously ejidos. But conflicts with other stakeholders and 

demonstrations by some NGOs against the construction of this project resulted in the 

closure of the project (Corona, 2014, 2021). At the end of this period (2015), only 49 

 
8 Name given to what now constitutes the contemporary urban area of Holbox.  
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ha of mangrove were reported as lost, mostly in areas close to the coastal region to the 

southeast, while 137 ha of increased mangrove cover were registered.  

 

By 2015, there was a very slight increase in losses (50 ha) but also a major 

increase in gains (388 ha) in the southern portion of Yum Balam, to the east of Chiquila 

(Figure 6); it is possible that the majority of this gains reflect the recovery of disturbed 

mangrove rather than actual gains of new mangrove, given that the category of 

“disturbed mangrove” was reclassified as “no mangrove” and that there is no evidence 

of mangrove restoration efforts for that area. Overall, the losses were outweighed by 

the gains, resulting in a net gain of 68.2 ha per year over the 2005 to 2010 period. Given 

the proximity to Holbox, the centre of tourism development, it appears that at least at 

Figure 6 Mangrove losses and gains 2010-2015. Source: CONABIO, INEGI 

(CONABIO, 2016; INEGI, 2021).  
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the beginning of this period, tourism was not yet a primary cause of these losses, which 

was an unexpected finding. This is based on the observations I made analysing Figure 

6, where very few changes are seen around Chiquila and Holbox, the places with the 

highest density of visitors. Another indication of this is that newspaper articles about 

the growth of tourism and its impacts on Yum Balam started to be more frequent after 

2016.  

 

Despite showing few losses in previous periods (2005-2010 and 2010-2015), by 

2020 the losses in mangrove cover increased, with 374 ha lost from 2015 to 2020. It 

could be argued that these losses are offset by the 1841 ha gained (Table 2). Regardless, 

it can be seen that for this period (2015-2020) the losses are not only located in the areas 

surrounding Chiquila and Holbox as had previously been the case but are now along 

Figure 7 Mangrove losses and gains 2015-2020. Source: CONABIO, INEGI 

(CONABIO, 2016; INEGI, 2021). 
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the coastline to the east of Holbox in the area for conservation of mangroves in Isla 

Chica and Isla Grande, around Chiquila and close to Laguna Conil (Figure 7). This 

suggests that not only tourist activity was responsible for these changes, but also 

perhaps other activities like fishing, agriculture, and livestock breeding, which are 

carried out in areas neighbouring mangrove forests. It is important to remember that 

despite showing a major increase in mangrove extent in this period, deforestation was 

still taking place, which could be explained by the many reports of clearing of mangrove 

forest, especially around Isla Chica in Holbox, an increase in population, and the 

construction of tourism infrastructure (Águila, 2017; Caballero, 2016).  

By 2020, more than 20 real estate developers had asked for special permits to 

begin the construction of tourist developments near the coast, where building is 

supposedly not allowed, consolidating Holbox as a major tourist destination (Camhaji, 

2020; Silveira et al., 2018; Varillas, 2021). The increased presence of real estate 

developers highlights the attractiveness of Yum Balam as a tourist destination. In 

addition to this, in recent years newspaper articles reported illegal fires and construction 

in areas with the presence of mangrove. In sum, although the net gain for this period is 

293 ha; if the losses continue to increase, it could indicate that the protection of 

mangrove forests is not equal in all areas. 

Making comparisons using other datasets is useful to verify the accuracy of the 

above results, using the data from CONABIO. As such, I compared the CONABIO data 

with the data from the Global Mangrove Watch. The information given by the Global 

Mangrove Watch varies from the data given by CONABIO, showing a decrease in 

mangroves from 1996 to 2010, in contrast to what CONABIO reports. The periods 

studied by the Global Mangrove Watch were from 1996 to 2007 showing a loss of 507 
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ha and a gain of 108 ha over the same period. These losses continued from 2007 to 

2010, with overall losses of around 330 ha and gains of 151 ha; finally, there was an 

increase in mangrove cover from 2010 to 2016 by 22 ha with no losses registered 

(Bunting et al., 2018). Since the periods reported by Global Mangrove Watch vary from 

the ones used for this research, an exact comparison cannot be done; however, this 

comparative exercise underlines the importance of having reliable open access data to 

inform policy making.   

In sum, the period from 1981 to 2005 was the one with the most net losses in 

mangrove cover in the Yum Balam Protected Area, followed by the period from 2015 

to 2020.  Despite this, the 2015-2020 period was also the one with the most gains 

followed by the period from 2010 to 2015 (Figure 8, figure 9). Hence, my research 

findings show a continuous increase in mangroves, although tourism, land conversion 

for agriculture, and urban expansion seem to still be a threat to mangrove forests, along 

with disagreements between the main stakeholders are some of the obstacles seen that 

hinder the proper protection of mangroves (Camhaji, 2020). 
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Figure 9 Annual change in mangrove forest cover per period, from 1981 to 2020 (% 

change.  Source: CONABIO (CONABIO, 2013a, 2013b, 2013c, 2016, 2021).  

Holbox registered a population of approximately 3,000 inhabitants in 2020, but 

its population can increase by up to 20,000 tourists daily during the high season.  

Tourists travel to Holbox by the ferries departing from Chiquila. This is one of the 

possible drivers of increased rate of loss in Holbox during the last period (2015-2020), 

Figure 8 Mangrove cover losses and gains in Yum Balam (2005-2020). Source: 

CONABIO (CONABIO, 2013a, 2013b, 2013c, 2016, 2021). 
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where it is estimated that 80% of recent construction has to be built on what used to be 

mangrove (Camhaji, 2020; Silveira et al., 2018). The expansion of Holbox is associated 

with an increasing number of hotels, which increased from 80 hotels catering to tourists 

in 2016 to 140 in 2020 (Camhaji, 2020). The land management plan states that 

construction in areas where mangrove trees are found is forbidden and that impacts on 

mangrove forests will result in disciplinary actions ranging from prison time to fines. 

On the other hand, in the land management plan, ecotourism is promoted as a strategy 

to economically develop the area.  

Other impacts to mangrove forests are changes in hydrologic patterns, 

construction of roads, contamination of water bodies, sewage water, poor waste 

management, and planning of urban development (Álvarez, 2015). These impacts are 

not isolated, as the construction of roads responds to the growth of urban areas that need 

ancillary infrastructure to be connected to other urban centres, as well as related impacts 

stemming from the growth of seasonal tourism.  

Braña & Martínez (2005) argue that having different types of ownership for land 

complicates conservation management, but that in general, communal land tenure 

promotes conservation when properly managed because it prevents the use of land for 

individual profit only.Changes in mangrove forests around Holbox may also be related 

to recent changes in land tenure. The land purchased by the businessman Ponce de 

García used to be part of the ejido of Holbox. From 2012 to 2016, Ponce de García’s 

company, Peninsula Maya Developments tried to use the land that had been purchased 

in Holbox to start a project called “La Ensenada” in 2005, while also claiming to have 

https://www.zotero.org/google-docs/?broken=Ig4CDl
https://www.zotero.org/google-docs/?broken=jRQmgf
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purchased the title9 of ejidatario, which is typically granted only by the government to 

an individual and not through the purchase of ejidal land (Camhaji, 2020). By 2014, 

around 70 ejidatarios promoted the subdivision of the ejido of Holbox into four separate 

ejidos, with the aim to promote and give support to tourism developments in the area. 

The original ejido of Holbox was divided into the following ejidos: Holbox, Peninsula 

Holbox, Punta Holbox, and Isla Holbox (Figure 10) (Camhaji, 2020).   

Lastly, in 2016, Peninsula Maya Developments decided to cease promoting the 

project after a seemingly unrelated fire affected over 87 hectares of mangrove and many 

environmentalists protested to defend the natural protected area (Camhaji, 2020). 

Events like this hinder mangrove conservation efforts because major constructions will 

undoubtedly impact the environment, especially if the lands where the construction is 

being done are close to areas where mangrove trees are found. Lastly, the mangrove 

cover lost in the fire in 2016 likely contributed to the losses shown in my findings for 

the last period, from 2015 to 2020. It is important to keep in mind that almost 80% of 

the land in Yum Balam is located in ejidos, making most changes in mangrove cover 

happen within ejidos (Figure 10). This might seem contradictory to my argument that 

ejidos enable forest conservation because of their social character but it is also a 

reminder that the conservation of nature is complex, and its success depends on more 

than one variable (e.g., land tenure, land use, sense of community).    

 
9 A title of ejidatario includes “a right to the use and enjoyment of a plot granted by the government, as 

well as the rights that all internal regulations of each community grant them to the other communal lands 

within that ejido that legally correspond to them (LeyAgraria, Article 14, 1992 [Mexico]. 
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Figure 10 Ejidos within Yum Balam where changes in mangroves have been observed 

in 2020. Source: CONABIO, RAN (CONABIO, 2021; RAN, 2019). 

An emerging threat to mangroves is climate change and the associated rise in 

sea level. Barragán (2019) estimates that by 2050 the Caribbean will be strongly 

affected, especially areas like Yum Balam, Sian Ka’an, and Xcalak. Climate change 

caused by the burning of fossil fuels is accentuated by the impact of other anthropogenic 

activities to the environment. Changes in land cover from mangrove forest to 

agriculture or the construction of shrimp fisheries close to mangrove ecosystems are 

two of the activities seen in Yum Balam that contribute to climate change. Agriculture 

also affects underground water flows and contaminates the water with fertilisers; while 

shrimp farming contributes to the clearing of mangroves and pollutes soil and coastal 

waters with waste. 
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Changes in mangrove cover in Yum Balam have been registered since the 

second part of the 20th century, slowly decreasing by 2020. From 1981 to 2005 the loss 

of mangrove was prevalent, but the gains began to increase from 2005 relatively 

maintaining this trend until 2015, when the losses increased again for the first time 

while also keeping with the trend of increased gains since 2005. Overall, the analysis 

based on data from CONABIO shows stability in total mangrove forest cover from 

2005 to 2015, followed by significant gains. In comparison, the analysis using Global 

Mangrove Watch data shows a continuous loss of mangrove with just one period of 

gains from 2015 to 2016. This discrepancy demonstrates that it is important when 

developing conservation policy to analyse other sources to compare the information, 

verify results, and furthermore, to make land cover data available to the public, keeping 

in mind that differences in calculations can be the result of using different projections 

and different remotely sensed data classification methods. To better understand the 

changes in mangrove cover over time and prospects for the future, , I conducted an 

examination of the history of conservation policy in Yum Balam and its land 

management plan.  

4.2 Conservation history and conservation policy affecting the mangroves of Yum 

Balam 

4.2.1 The national context: natural protected areas in Mexico. 

The establishment of Yum Balam as a natural protected area was not an isolated 

event, but a response of the Mexican state to safeguard national resources, given that 

they are key elements integrated into the regional planning and development policy 

(Gallegos, 2002).  As such, the history of conservation policy in Yum Balam is closely 

related to policy-making and political processes on the national scale. 
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Modern conservationism has its origins during the later years of the 19th 

century, with its crowning concept being the national park; it wasn´t until 1948 that the 

International Union for Conservation of Nature (IUCN) was created under the 

sponsorship of the French government, UNESCO, and the Swiss League for the 

Protection of Nature (now Pro Natura). The IUCN was created to help as a guideline 

for international cooperation, focusing on the conservation of natural resources, for 

their use, stating that production and conservation were “allies” rather than opponents. 

Yum Balam is currently registered as a natural protected area of category VI, a 

protected area with sustainable use of resources, by the IUCN (Gallegos, 2002). 

In Mexico, the Sistema Nacional de Areas Naturales Protegidas  (SINAP), the 

national system of protected areas, was created in 1988 along with the LGEEPA to 

“guarantee the right of every person to live in a healthy environment for their 

development, health, and wellbeing” (Diario oficial de la Federación, 1988 [Mexico]), 

based on five principles: “control, protection, prevention, preservation, and restoration, 

which lead to a common goal: sustainable development” (Gómez, 2000, p. 13). With 

this, the Mexican government intended to modernise the legal environmental 

framework to regulate land use based on the ecological potential of specific regions and 

to prevent adverse effects on the environment due to unregulated human activities 

(Cancino, 2009).  This practice would later be seen in Yum Balam as well, where the 

area was divided into 15 sub-zones, each with its own framework for the protection and 

conservation of resources. 

During the Zedillo administration (1995-2000) the concept of sustainability was 

introduced into environmental policy in Mexico, along with protection, and ecological 

restoration. Under this scope, conservation started to have greater legal and 
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institutional protection and regulation, as well as more funding (Gallegos, 2002). From 

here, the concept of sustainable development would later be integrated into the land 

management plan for Yum Balam, which impacted either directly or indirectly on the 

way in which the conservation and management of mangroves would be managed. In 

the LGEEPA, sustainable development was understood as follows: 

A process subject to evaluation through environmental, social, and 

economic indicators and criteria, that tends to improve the quality of life and 

productivity of people, based on well thought measures to preserve the 

ecological balance and protect the environment and use of natural resources for 

the satisfaction of the needs of future generations (Diario oficial de la 

Federación, 1988, Article 3, section XI [Mexico]). 

This definition of sustainable development gives freedom to federal institutions 

to formulate, conduct and evaluate the environmental policies for each State of the 

republic based on the idea that each region has a different context and needs. This could 

lead to biassed evaluations due to possible conflicts of interest, and a variation in the 

enforcement of LGEEPA, as well as discrepancies with other levels of administration -

federal versus municipal administrations- (Diario Oficial de la Federación, 1988). 

Besserer (2019) declares that some academics that work under a political ecology lens 

have stated that the concept “sustainable development” is used to “greenwash” 

activities that do not actually comply with the respective requirements to make them 

more successful amongst consumers, using eco-tourism as an example of the “low-

impact” version of a commonly high-impact activity, which is tourism. Moreover, for 

Medovoi (2010), sustainable development serves to sustain economic liberalism by 

demanding we, as a society, define and tolerate a “limit of damage” to the environment, 

which instead of alleviating the damage done to the environment, may be prolonging it 

instead.   
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Under the LGEEPA, several NOMs (Norma Oficial Mexicana), the official 

Mexican norms established to serve as a guideline for the compliance and enforcement 

of policies related to topics of health, labour, and environment (Secretaría de Salud, 

2015), were elaborated throughout the years following the publication of the decree to 

establish Yum Balam. These NOMs, as part of the LGEEPA, are enforced at a national 

level, but in Yum Balam, there was no legal backing for the protection of biodiversity 

when the LGEEPA was created, because it had not been established as a natural 

protected area yet. 

During the second half of the 20th century, after the United Nations conference on 

the Human Environment in 1972,10 the Mexican state was concerned about creating the 

necessary instruments to manage the natural resources found in the country, to prioritise 

their protection without preventing protected regions from having sustainable economic 

development. Later, over the last years of the 20th century and the beginning of the 

21st, Mexican conservation policy was focused on preserving, protecting, and 

sustainably using natural resources; using natural protected areas as a tool to conserve 

natural resources and regulate the use of wild flora and fauna, as well as offering 

incentives to communities to help keep safe, restore and manage them (Gallegos, 2002). 

Yum Balam is one of the natural protected areas that emerged during this boom 

in conservation in Mexico at the end of the 1990s as an answer to the need to protect 

the biodiversity of these regions because of both its singularity and relevance.  The 

economic development in the region in recent years has been based on the idea of 

sustainable development, understood as the sustainable exploitation and use of 

 
10 Otherwise known as the “Stockholm Convention” where administrations from different countries 

gathered to make agreements to protect and ameliorate the environment for future generations (Gómez, 

2000).    
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resources while promoting the protection of biodiversity. Sustainable development, 

however, is concerned with meeting the consumption demands of the population; 

however, the problem arises when those demands grow exponentially and without a 

guideline to follow, which I believe has been the case in Yum Balam, at least until 2019 

with the elaboration of the land management plan. 

An example of the efforts made by the Mexican state is the addition of Yum 

Balam in 2004 (Table 3) to the list of Wetlands of International Importance under the 

RAMSAR convention, a guideline for national and international actions to conserve 

and rationally use wetlands and related resources. This action contributes to 

consolidating the status of Yum Balam as the RAMSAR site No. 1360 of undeniable 

ecological relevance (Remolina, 2003). The addition of Yum Balam to this convention 

meant the Mexican government (both the federal and municipal levels) would have to 

cooperate with governments from other countries to create plans for the conservation 

of mangrove forests that are part of the Ramsar convention, and Yum Balam would 

receive financial aid to help with the conservation of mangroves. International 

cooperation comes as a valued strategy in a context where climate change has been 

identified as one of the main threats worldwide; making it obvious that collaboration 

between different countries is needed for the benefit of all. On the other hand, one of 

the challenges of international cooperation is that guidelines for conservation are 

commonly made based on generalisations made from contexts that seem similar, while 

the particularities of each region are overlooked, resulting in mildly successful 

strategies that do not fully respond to the context in which they are implemented. 

Currently, management of protected areas is said to recognise that social power 

dynamics are a key element in the application administration of any policy, an example 
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of this is the conduction of interviews and workshops with the participation of key 

stakeholders to promote their active participation and identify local traditional practices 

to use and exploit natural resources in a sustainable way, as is the case of Yum Balam 

(SEMARNAT, 2019). However, it continues to be an authoritarian process in which 

communities are hardly consulted, commonly losing access to the resources they had 

and sometimes, to important cultural sites, thus affecting the social fabric of 

communities (Durand & Jimenez, 2010). An example of this is the land management 

plan, which highlights the importance of having conversations with different 

stakeholders and members of the community to learn what their needs are and how they 

have been managing mangrove forests in the past. However, it appears that this 

participation is mostly passive in the form of forums and interviews, because there is 

no reference to the participation of members of the community in the elaboration of the 

land management plan nor the creation of any maps shown in the plan or other 

conservation strategies. 

Additionally, the elaboration of policies and other legal instruments to properly 

manage natural resources following a common goal is key to avoiding negative effects 

that impact biodiversity, like erosion, loss of ecosystems, deforestation, and other types 

of pollution.  Studying and analysing environmental policies allows understanding how 

different administrations come to elaborate management plans that look to reach a 

middle ground between the need to economically develop the country and the need to 

protect the environment. In Yum Balam, an example of this is the agreement created 

between the Secretariat of Ecology and Environment of the State of Quintana Roo and 

the Municipality of Lázaro Cárdenas to establish guidelines for the conservation and 

use of natural resources in Yum Balam in 2013 (Gómez, 2000; SEMARNAT, 2019). 

This agreement provided more clarity about the activities that could be performed in 
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the area. Based on my analysis, I believe that Figure 4 (map of mangrove losses and 

gains in Yum Balam from 1981 to 2005) accurately illustrates how the lack of policies 

and agencies that could monitor the mangrove forest cover in the 1980s affected Yum 

Balam. 

4.2.2 Conservation history in Yum Balam and its origins 

This section examines the history of conservation policies for Yum Balam, one 

of the most important protected areas in Latin America for the conservation of 

mangroves by conducting a brief review of the history of conservation policy for the 

protection of mangroves in Yum Balam and creating a timeline of important events 

related to this. To complement this analysis, I reviewed other documents related to 

conservation in Yum Balam like the LGEEPA and the Decree for the establishment of 

Yum Balam as a natural protected area, and I searched online in online forums and 

digital newspapers for articles related to mangrove conservation or impacts to 

mangrove forests in Yum Balam. To better understand the history of federal mangrove 

conservation policy it is important to consider related events, provide more context, and 

deepen the analysis. As such, the historical overview provided here includes 

environmental events, such as hurricanes, together with important moments in 

conservation policy for Yum Balam, including agreements amongst different 

institutions for the elaboration and establishment of guidelines for the creation of the 

land management plan (Table 3). 



59 

Year Event 

1988 Hurricane Gilberto impacts the Mexican coast, causing damage to 

mangrove forests, leading to increased pressure for the establishment of 

Yum Balam. 

1989 A major fire occurs in the northern part of the Yucatan peninsula, affecting 

an area of about 250,000 hectares, and devastating mangrove forests. 

1994 Yum Balam was established as a natural flora and fauna protection area. 

2004 Yum Balam is included in the list of Ramsar sites as a highly important 

wetland, having the characterization of an ecosystem with continuity. 

2013 Guidelines are established for the coordination of federal policies for a 

sustainable land management plan for Yum Balam. 

2016 An intentional fire that consumed 87 hectares in Holbox was registered, as 

a result, SEMARNAT requested to not allow any changes in land use for 

20 years. 

2019 Elaboration of the land management plan and establishment of the sub-

zones, including the buffer zone.   

Table 3 Overview of key moments in the history of conservation management for 

mangrove forests in the Yum Balam region. Sources: Diario Oficial de la Federación 

(1994); Expansión, (2016); SEMARNAT, (2019); Vázquez, (2020). 

 

Yum Balam’s origins as an area for conservation date back to the 1980s when 

Hurricane Gilberto hit the Yucatan Peninsula in 1988. This hurricane was not simply 

an environmental event that caused the loss of mangrove forests, it was also an 

important turning point in conservation policy for the region. The following year, partly 

because of the deforestation caused by the hurricane, one of the most devastating fires 

in the previous 50 years occurred, affecting around 250,000 hectares of mangrove 

forest. These environmental events lead to the establishment of a decree by the 

Secretaría de Desarrollo Urbano y Ecología (SEDUE) prohibiting changes to the land 

use for five years, while the governor of Quintana Roo, together with representatives 

of affected ejidos and a fishing cooperative, sent a letter to the president of Mexico 
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asking to design a conservation program for the wetlands of the northern part of 

Quintana.  

In addition to forbidding changes in land use following the hurricane Gilberto 

and one of the biggest forest fires in Yum Balam,  the SEDUE established the following 

lines of action: i) cooperation with institutions to do research, ii) creation of projects to 

support those who have been affected by the ban, iii) legal actions as a response to the 

changes following a natural disaster of great impact, and iv) protection of resources and 

economic remuneration (SEMARNAT, 2019). The guidelines elaborated by the 

SEDUE demonstrate that federal agencies acknowledged the importance of protecting 

the environment and were committed to creating the necessary tools for the protection 

of the area, as well as showing a clear value of academic knowledge and the support 

given by academic institutions.  

In 1990, the Centro De Investigaciones Y Estudios Avanzados Del Instituto 

Politécnico Nacional (CINESTAV)11, PRONATURA, Península de Yucatán A.C., and 

PROFAUNA Quintana Roo A.C. held a meeting to analyse the biological and social 

assets of Yum Balam in order to conserve the northern part of Quintana Roo. This 

meeting resulted in the elaboration of the project titled “Project for the conservation of 

biodiversity: The wetlands of the north of Quintana Roo12”, where these institutions 

agreed to continue with the conservation project to maintain the biodiversity of the 

wetlands located in the northern parts of Quintana Roo. 

This meeting was followed by a series of workshops and interviews with key 

stakeholders from Holbox, Chiquila, San Ángel, Solferino, and Kantunilkín, including 

 
11 Centre for investigations and advanced studies of the National Polytechnic Institute 

12 Proyecto de conservación de la biodiversidad: Los humedales del norte de Quintana Roo. .  
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producers, housewives, and different authorities with knowledge about environmental 

conservation, proper conservation practices, and sustainable uses (SEMARNAT, 

2019). These events, as well as the demands made by the local population, fishers, and 

other members of the community contributed to the designation of Yum Balam as a 

natural protected area in 1994 and reflect the interest that the community, in general, 

had for the conservation of mangroves and other natural resources (SEMARNAT, 

2019). 

By 1994, The Official Diary of the Federation declared the area as the Natural 

Protected Area of Yum Balam – meaning lord jaguar in Mayan, with a surface of 1,540 

km2. This area protects part of the wetlands to the north of the state of Quintana Roo 

and the northernmost tropical forests in the Americas (Diario Oficial de la Federación, 

1988 [Mexico]).  

This decree shows that while government agencies were acknowledging the 

need to protect endangered endemic species, they were also trying to portray an image 

of a landscape that still maintained most of its naturality and was worth protecting. An 

example of this is this excerpt from the decree for the establishment of Yum Balam in 

1994, which mentions: “The area is in low-threat condition, it holds its naturality and 

typicality, housing a diversity of both migratory and local birds, mammals, amphibians, 

reptiles, and endemic plants with unique ecotones and great neotropical biodiversity” 

(Diario Oficial de la Federación., 1994, p. 64). At the same time, the decree also 

acknowledges that it is a place “where there are species of flora and fauna in danger 

and in need of protection” (Diario Oficial de la Federación., 1994, p. 65).  

This is contradictory to the data available on mangrove cover loss for the 1981-

2005 period if it is considered that the protection decree was published only five years 
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after the forest fire was registered and it is unlikely that the recovery of the species lost 

occurred at such speed. Moreover, it wasn´t until 1999 that a list of flora species in Yum 

Balam was published in the Atlas de Procesos Territoriales de Yucatán, a book about 

the territorial processes in Yucatan which reports approximately 400 species in the area 

(SEMARNAT, 2019).  

My research suggests that while government agencies did have knowledge 

about the state of mangroves by 1981 in Yum Balam, the political climate required such 

a narrative to promote and ensure the establishment of the natural protected area and to 

avoid changes in land use given which by not declaring the area unusable for 

conservation, the Mexican government was able to save these lands for their 

conservation. In Mexico, it is common that lands that are considered to have been 

highly impacted and to have lost much of their naturality are later used for agriculture 

or livestock breeding. 

The establishment of an agreement between federal and municipal 

administrations, the meeting held by the CINESTAV, and the decree to establish Yum 

Balam as a natural protected area examples of a broader sustainability discourse at 

national and international levels. This is exemplified by the decree for the establishment 

of Yum Balam as a natural protected area, where it is mentioned that there is a need to 

elaborate agreements to “i) guarantee the protection of ecosystems in the region, ii) 

propitiate the sustainable development of the community, and iii) give guidance to local 

people for the rational and sustainable use of the natural resources of the region” 

(Diario Oficial de la Federación, 1994, p. 66). This shows that by then there was 

already an understanding of the impact of human activities on the environment, and the 

importance of protecting it from further damage, while also assuming that local 
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communities needed guidance on how to manage the resources available rather than 

focusing on considering local practices and integrating them with the elaboration of 

conservation policies that respect their needs and uses.  Implementation of conservation 

policies is reflected in the maps in the previous section, which show a decrease in net 

losses of mangrove cover over time, except for the last period (2015-2020). For this last 

period, however, conservation efforts resulted in more net gains (293 ha gained) of 

mangrove cover than losses, indicating that recovery efforts are being somewhat 

successful 

4.3.3 National conservation policies applicable to Yum Balam 

Following the publication of the LGEEPA in 1988 and to this date, several 

norms have been elaborated for the protection of biodiversity at the national scale; the 

norm directed to the environmental protection of native Mexican wild flora and fauna 

species under a high-risk category is NOM-059-SEMARNAT-2010; it is under this 

norm that the mangroves of Yum Balam are registered as endangered species 

(SEMARNAT, 2019)  

Altogether, these norms reflect how the Mexican state sees natural resources -

in this case, mangroves- as key elements of the environment, as well as essential goods 

for the economic development of the area, allowing their use while following the 

established guidelines for their protection. First, NOM-062-SEMARTNAT-1994 

evidences the importance of mangrove forests and how as endangered species, they 

need specific guidelines for their preservation and use; NOM-012-SEMARNAT-1996 

and NOM-007-SEMARNAT-1997overlook the transportation and storage of flora 

species, the first one for the domestic use of firewood and the latter for vegetation in 

general; on the other hand, NOM-126-SEMARNAT-2000 established the 
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specifications for performing scientific research activities like the collection of species; 

while NOM-022-SEMARTNAT-2003 acknowledges that human activities impact the 

land and there are actions to be made to mitigate these effects; additionally this norm 

focuses on changes to agricultural land, taking notice of one of the most common uses 

of the land; lastly, NOM-059-SEMARNAT-2010 gives environmental protection to 

native species and the specifications for their inclusion to the list of high-risk categories 

(Table 4). 

Name of the NOM Description 

NOM-062-SEMARNAT-1994 Specifications for the preservation, 

conservation, sustainable use, and restoration 

of coastal wetlands in the presence of 

mangroves.  

NOM-012-SEMARNAT-1996 Procedures, criteria, and specifications for the 

exploitation, transportation, and storage of 

firewood for domestic use.  

NOM-007-SEMARNAT-1997 Procedures, criteria, and specifications for the 

exploitation, transportation, and storage of 

branches, leaves, flowers, fruits, and seeds.  

NOM-126-SEMARNAT-2000 Specifications for performing scientific 

activities and collection of biological material 

of different flora and fauna species and other 

biological resources.  

NOM-022-SEMARNAT-2003 Specifications to mitigate the adverse effects 

over biodiversity associated with a change of 

land use from forests to agricultural land.  

NOM-059-SEMARNAT-2010 Environmental protection to native species of 

flora and fauna. Specifications for the 

inclusion, exclusion, or change of species from 

the list of high-risk categories.  

Table 4 NOM norms that apply to mangroves in Yum Balam Source: SEMARNAT 

(SEMARNAT, 2019). 

 

Lastly, NOM-126-SEMARTNAT-2000 shows there is an interest from 

government institutions to allow and promote the scientific investigation of the flora 
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and fauna species found in the area, an activity that is essential for the compilation of 

knowledge about the environment at hand, which consequently allows for its proper 

protection. In Yum Balam, NGOs like CEMDA (2016; 2018) have carried out studies 

about the conservation of biodiversity in Yum Balam, resulting in the generation of 

information necessary to understand the current context of the area the conservation of 

its elements.  In the following years, however, the lack of regulation over the natural 

resources of Yum Balam, and the failure to enforce these norms were the result of the 

lack of a land management plan, creating uncertainty about the activities that were 

allowed in the area, and making legally unviable all the norms that would protect the 

resources found in the region.  

Having multiple levels of administration gives way to possible conflicts 

between federal and municipal governments, a situation that is aggravated if they 

correspond to a different political party. Hence, in 2013 the National Commission of 

Natural Protected Areas (CONANP), through the regional office of the Yucatan 

Peninsula, signed an agreement with the Secretariat of Ecology and Environment of the 

Government of the State of Quintana Roo and the municipality of Lázaro Cárdenas to 

establish the guidelines for the coordination of federal, state, and municipal policies to 

achieve sustainable land use planning. (SEMARNAT, 2019). 

Finally, by 2019 the land management plan was elaborated to serve as a 

guideline for the development of Holbox and Chiquila as urban settlements, and to: 

Provide certainty about the allowed and forbidden activities in each of 

the subareas of the natural protected area; to regulate the use of non-degradable 

products, and the productive activities to perform in the natural protected area, 

as well as to establish the guidelines for the development of low impact tourism 

(SEMARNAT, 2019, p. 9). 

 This statement recognises tourism as an activity of great importance to the 

economic development of the area with a tendency to develop in the future, making it 

important to plan its controlled growth while protecting the resources present in the 

area. It is important to highlight that tourism, however, is not the only activity in the 
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region; agriculture, fishing, and livestock breeding are activities that also contribute 

greatly to the development of the area. 

As examined here, the conservation of Yum Balam is both directly and 

indirectly related to processes at the national and regional scale, making it subject to 

different levels of administration thus hindering the application of conservation 

strategies because of occasional conflicts between government agencies that have 

different interests (i.e., federal, and municipal levels). In Mexico, the notorious lack of 

effective control over policy enforcement at the local level has contributed to the 

centralization of federal power in the country resulting in the scarce presence of 

government agencies in territories that are not close to Central Mexico. This is the case 

for Yum Balam, where according to a news report, the administrative building of the 

CONANP in Holbox is closed, and its employees are absent, indicating a lack of 

administrative presence to enforce conservation policies in Yum Balam; it is not known 

however if this is still happening (Valencia, 2015). In the absence of federal institutions 

that can potentially enforce the constitutional framework at the local level, government 

workers seek the protection of other institutions at the federal level if a government 

agency employee is found to have abused their power (Valencia, 2015). 

4.3 Land management plan: analysis and findings 

The elaboration of the land management plan, after more than 20 years of the 

establishment of Yum Balam as a natural protected area, represents the culmination of 

the efforts made by previous administrations and environmental activists, as well as 

members of the community and academics to protect endangered natural habitats. This 

represented, at that time, a major step for the conservation of mangrove forests and 

other endangered species in the region. Nevertheless, currently, there are still obstacles 
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to overcome to effectively enforce the implementation of the policies and management 

measures in the plan (Camhaji, 2020; Castro, 2020; ‘Relevante La Publicación Del 

Programa de Manejo de Yum Balam, Consideran Organizaciones de La Sociedad 

Civil.’, 2018; Varillas, 2021). In this section, a brief review of the land management 

plan, as well as an analysis of the plan itself is done to critically examine the guidelines 

that have been developed to protect mangrove forests and the general vision for 

balancing conservation and the use of natural resources, and to examine if there may be 

any associations between spatial changes over time and the history of conservation 

policy in Yum Balam. 

More than two decades after the establishment of Yum Balam, a land 

management plan was finally completed in 2019 (CONANP, 2017b). This plan was 

informed by research conducted by academic institutions and civil associations for the 

generation of the basic scientific information for the conservation of the area; through 

scientific research and monitoring these institutions have made important contributions 

to the general knowledge of the area, be it by financed projects carried out by third 

parties or directly performed by government institutions. 

Many local academic institutions and NGOs have contributed to the 

management plan, as well as government institutions13, showing the relevance of Yum 

Balam for the protection of local flora and fauna. Additionally, the research done in the 

area has resulted in contributions about the importance of mangrove trees for carbon 

 
13 Some of the organisations that have contributed are: the Colegio de la Frontera Sur: ECOSUR, Centro 

de Investigaciones científicas de Yucatán: CICY, Centro de Investigaciones y estudios avanzados 

(CINVESTAV), Mérida, Diversidad de Quintana Roo, UQROO, Amigos de Sian Ka’an A.C, Biocenosis 

de A.C., Pro-Natura Península de Yucatán A.C, and Nature Conservation. Other institutions are 

SEMARNAT (Ministry for the environment and natural resources), CONANP (National Commission of 

natural protected areas), and CONABIO (National Commission for the knowledge and use of 

biodiversity), among others. Some of the civilian organisations that were involved are CINVESTAV 

(Investigation Centre for advanced studies for the National Polytechnic Institute), ProNatura Yucatán, 

and ProFauna (Protection to Mexican fauna A.C.) (SEMARNAT, 2019). 
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sequestration, socio-environmental conflicts centred around the management of Yum 

Balam, and the environmental impact of tourism and the commodification of nature, 

among others, although I found that many of the studies performed in Yum Balam that 

are available online are more focused on studying fauna species -birds, whale sharks, 

and turtles- than mangroves. The studies14 performed in Yum Balam show that there is 

general knowledge of the importance of mangroves because of their environmental 

services as barriers against hurricanes and their abilities for carbon sequestration. 

The participation of civilian organisations shows interest is from the 

community, academics, and other civilians to protect the biodiversity of the region. 

Moreover, the influence of many federal institutions in the elaboration of the land 

management plan illustrates the efforts more recent administrations have made to 

decentralise political power and collaborate amongst different government departments 

without affecting federal policies, as is seen on rule no. 2 of the land management plan, 

where it is established that 

The application of the present rules corresponds to the Secretariat of the 

environment and natural resources [at the municipal level] by the conduct of the 

National Commission for Natural Protected Areas, without detriment of the 

powers that correspond to institutions of the federal Executive power as the 

applicable legal jurisdictions dictate (SEMARNAT, 2019, p. 162).  

This means that while government agencies at the municipal level have the duty 

to enforce policy conservation in Yum Balam, they still need to abide by the federal 

 
14 the Informe Técnico Final: Almacenes De Carbono En Manglar Y Pastos Marinos Del Área De 

Protección De Flora Y Fauna Reserva De Yum Balam (Silveira et al., 2018), El lado oscuro del paraíso: 

Conflictos socioambientales en torno a la gestión del área natural protegida de Yum Balam (Blásquez & 

Rijas, 2017), Línea Base de Cobertura de Manglares y Pastos Marinos del Área de Protección de Flora 

y Fauna (APFF) Yum Balam, Quintana Roo, México (Sosa-Escalante, 2013), Análisis de la 

Manifestación de Impacto Ambiental del Proyecto “La Ensenada” MIA-23QR2012TD073 (Zambrano et 

al., 2012), Sustainable tourism in Holbox through local development (Palafox-Muñoz et al., 2006), 

Tourism and Commodification of Nature in Holbox, Quintana Roo, Mexico (Palafox-Muñóz & Bolan-

Sorchini, 2019) We Thought We Wanted a Reserve: One Community's Disillusionment with 

Government Conservation Management (Berlanga & Faust, 2007). 
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law. In addition, the land management plan is complemented by a few international 

agreements, like the Convention about biological diversity and the Convention about 

wetlands of international importance (RAMSAR) (SEMARNAT, 2019, p. 162). 

Although it is not yet possible to evaluate the effectiveness of the land management 

plan, it is my expectation that with the participation of federal government agencies and 

their collaboration with academic institutions and NGOs following the guidelines 

established by the land management plan, mangrove conservation has the potential to 

improve in the coming years.  

As revealed by its objectives, the land management plan responds to the need 

to maintain the ecosystem due to its ecological importance and high-risk category by 

“favouring the permanence and conservation of the biological diversity of the natural 

protected area by establishing and promoting a set of public policies to ameliorate the 

environment and control the deterioration of ecosystems” (SEMARNAT, 2019, p. 162). 

The safekeeping of the diversity in Yum Balam is of “high priority and an urgent matter 

to help stop the deterioration rate, prevent the loss of biodiversity, and maintain a 

sustainable use of biodiversity” (SEMARNAT, 2019, p. 57). In the land management 

plan for Yum Balam, despite acknowledging the need to include other local people and 

other stakeholders to the conservation strategy, and conducting interviews and forums 

as mentioned previously, the decisions are ultimately taken by government employees 

from the pertinent government agencies. On the other hand, the support given to 

fisheries and agriculture, especially shows that despite promoting tourism above other 

activities, some traditional uses are also being supported; an example of this is the 

foundation of fishing cooperatives in the area.  
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It is unclear how this will be implemented since another objective of the land 

management plan is to “promote the sustainable extraction of natural resources of great 

relevance in the natural protected area and to diversify activities” (SEMARNAT, 2019, 

p. 67).  The issue becomes clearer if we consider that one of the main issues that has 

continuously been seen when conserving biodiversity in the Mexican context is the 

absence of a framework through which people responsible for the damage done to the 

environment can be made accountable (Verduzco, 2012). Furthermore, there is no clear 

designation of the administration responsible for reporting these damages in Yum 

Balam.  The lack of a clear path to regulation, aided by a successful enforcement and 

monitoring of conservation policies, the need to clearly report the impacts on mangrove 

forests, and the differences in spatial data discussed in section 4.2 indicates that not all 

impacts to mangrove forests are being recorded. 

On the other hand, one of the main goals between the federal and municipal 

authorities of Quintana Roo and Lazaro Cardenas as stated in the decree for the 

establishment of Yum Balam as a natural protected area was to “establish an agreeable 

change limit in Isla Grande, in Holbox, that is in line with the decree and land 

management program of Yum Balam” (SEMARNAT, 2019, p. 17). This issue is taken up 

in the land management plan, where it is mentioned that “the limit of acceptable change 

is based on the impacts generated by tourists and the staff associated with development, 

namely the total number of people in one area at the same time, as well as their 

consumption needs and their generation of residues”. My analysis suggests that while 

putting a limit to the development of certain activities like tourism might be a helpful 

strategy to promote the growth of certain economic sectors, it is likely that this market-

led approach will still impact the environment in a significant way, resulting in 

environmental changes that are consistent with the vision of those included in the 
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decision-making process. Based on the objectives of the plan to protect and conserve 

endangered species, it would be expected that regions where mangroves are found 

would not allow activities that could have a negative impact on them; however, in Isla 

Grande “red, white, black and buttonwood mangrove can be found under the protection 

of NOM.059-SEMARNAT-2010” and activities of significant impact are being 

permitted, like construction work and the use of vehicles which impact the soil where 

mangroves grow and changing groundwater flows and affecting mangrove irrigation  

(SEMARNAT, 2019, pp. 105–108). 

Additionally, in a document to disclose the land management plan published by 

the official gazette of Mexico, the accepted limit of change is calculated based on the 

impacts on the use of resources and waste disposal resulting from human activities, 

rather than impacts on the forest or habitat fragmentation (Pacchiano, 2018) resulting 

in incomplete assessment of the situation by not taking into account other variables that 

impact mangrove forests such as natural events or the current state of mangrove forests 

in Yum Balam. Furthermore, allowing certain activities in places where endangered 

species are found without enforcing the current environmental policy creates confusion 

among local people and visitors because of the lack of continuity in enforcing the 

protection given to mangroves.  Lastly, the plan does state that adjustments to the 

permitted activities might be necessary to alleviate stress on the mangroves close to 

human settlements (SEMARNAT, 2019) 

Changes to the environment due to the presence of human settlements close to 

conservation areas are related to both natural and social processes, and they should 

happen following a long term-plan for the sustainable economic development of the 

area to prevent issues like unequal access to resources or uneven exposure to risks, 
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based on factors like class or gender. These changes should happen following a long-

term plan for the sustainable economic development of the area. Furthermore, because 

of the lack of a land management plan until recently, tourism within Yum Balam 

developed at an accelerated rate. Since the guidelines for the protection of the area 

(published in the land management plan in 2019) are very recent, there are no studies 

that yet analyse both social and environmental impacts in an integral manner (Pacheco, 

2019). 

 Consequently, setting a limit for potential change, as mentioned before, might 

not seem ideal if the goal is to maintain all elements of the landscape in a pristine way; 

however, it is necessary to set realistic goals making room for small, controlled, and 

congruent changes are seen as a positive aspect.  For this, managing the area based on 

having different regulations for each sub-zones are a good idea to allow the economic 

development of the region while conserving its resources, as long as the policies to 

protect these species are being enforced and any violations to the policies at hand are 

prosecuted (Iñiguez et al., 2014). 

As part of the land management plan, subprograms were developed following 

the main lines of work (Table 5), to be applied as necessary in each sub area depending 

on its specific needs (Appendix A), establishing regions within the natural protected 

area.  While it is important to consider the particularities of each area, my analysis 

suggests that establishing firm boundaries between these areas hinders the appropriate 

management of the land and the conservation of its biodiversity. The establishment of 

regions with fixed boundaries makes it hard to identify links between events that happen 

in different regions within Yum Balam because of the inability to see connections to 

other areas beyond the fixed boundaries of each sub-zones , resulting in the inability to 
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have an integral response for the conservation of the natural elements. In comparison 

to Cancun, where funds are sent to promote tourist activities, tourism in Holbox has 

been mostly developed through local action, with the goal of improving access to 

education, security, and health services, showing that the motivation of development 

has been to improve the quality of life of the community (Palafox-Muñóz & Bolan-

Sorchini, 2019). 

The subprograms and additional components that conform them were all written 

in the following strategic lines of work: protection, management, restoration, 

knowledge, and culture. Each line of work represents an area to work on with the 

current members of the community for the success of the conservation of the area. 

These policy priority areas seek for the protection of existing mangroves, and the 

restoration and eventual conservation of mangrove forests in Yum Balam, with the 

objective of restoring the mangrove forests almost to the previous extent before human 

alteration, without specifying the overall conditions of this ecosystem (Table 5). Based 

on the results I obtained, efforts for mangrove restoration seem to be fruitful, given that 

despite reporting losses in each period, the overall gains surpass the losses. 
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Lines of work Description 

Protection 

Permanence and conservation of the biological diversity with the 

establishment and promotion of a set of petitions and measures to 

better the environment and conserve the area. 

Management 

Establishment of programs and policies to determine actions and 

activities to reach the goals of conservation, protection, restoration, 

and sustainability 

Restoration 

Restoration to the previous ecological conditions, before human 

alterations. 

Knowledge 

Different ways to organize and manage the area, as well as 

participation methods proposed by the government and other 

stakeholders. Openness to other types of knowledge other than that 

of the academy. 

Culture 

There are certain areas where there is a limit of “acceptable 

change”, in these regions it is important to ask questions like who 

benefits from this? And what is understood as “acceptable 

change”? 

Table 5 Land management plan for Yum Balam (2019). Priority policy areas. Source: 

SEMARNAT (2019). 

 

 For the protection of mangrove forests, the framework under which the land 

management plan was created proposes monitoring and keeping close vigilance of the 

enforcement of conservation policies through surveillance of the areas that are most 

stressed because of the extraction of resources, in addition to monitoring activities 

through the presence of trained personnel assigned by government officials, and joint 

work with other agencies like NGOs or academic research centres. This shows poor 

integration of the communities as part of the vigilance efforts, despite mentioning the 

importance of giving traditional knowledge as valuable for the elaboration of 

conservation strategies and to encourage the engagement of local people in the 

protection and conservation efforts. The actors involved in the implementation of the 
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conservation policies and the enforcement of environmental laws tend to be either 

government employees or members of NGOs, as well as academics from specialised 

institutions; this, however, does not mean that members of the community are not able 

to participate, although there is no clear indication in the land management plan of how 

the government intends to integrate local people to the conservation efforts (Table 5). 

The only mention of local participation in the land management plan for Yum Balam 

is related to the conducting of interviews and participation forums. 

 

The general objective of these subprograms is to favour the presence of 

biological diversity and conservation within the protected area with the help of a set of 

policies and measures to help better the environment and stop the deterioration of 

ecosystems. They recognize Yum Balam is formed by various ecosystems that are 

classified under a high-risk category due to being prone to the impact of hurricanes, 

fires, and changes in land cover and land use. The actions to achieve this objective are 

the coordination with the necessary dependencies for the proper response to 

environmental contingencies and the development of an interinstitutional vigilance and 

protection program.  The goals presented in the land management plan are to the short 

(1-2 years), medium (3-4) years, and long (+5 years) terms; some activities, however, 

are stated as permanent (SEMARNAT, 2019). My analysis suggests that an inter 

institutional response to address the conservation efforts in Yum Balam goes in line 

with what is currently being promoted in academic contexts; decentralising power and 

allowing cooperation among institutions under a clear guideline increases the chances 

to effectively protect mangrove forests. This is done by increasing the resources that 

government employees have to respond to such issues, given that the participation of 

different institutions results in access to a variety of tools available for each agency. 
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Most of the allowed activities in each of the subareas are related to scientific 

research, environmental monitoring, and environmental education. In addition to this, 

sustainable use of resources is constantly mentioned and encouraged, being permissive 

enough to accomplish certain economic goals, as is the situation with tourism. 

Regulating these areas is important not only for the creation of a land management plan 

to succeed in their conservation but also to generate benefits and alternatives to 

diversify the productive activities. Elaborating subprograms to align with the needs of 

each subarea is an appropriate strategy if this is accompanied by a vigilance component 

to ensure these policies are being enforced and to prevent and detect illicit activities 

that go against the main objectives of the plan. As per the distribution “snapshot” maps 

(section 4.2) that resulted from my analysis, it can be seen that mangrove cover extent 

has been increasing over time despite the increase in visitors to the area; however, it is 

not possible to know with certainty if these increases have been the result of the 

establishment of the protected area and the land management plan since the last period 

analysed was from 1981 to 2020, and the land management plan was published only a 

year before the end of this period. A valuable addition to this study would be a 

connectivity landscape analysis, to evaluate the connectivity of mangrove forests in 

Yum Balam and determine their performance.  

In addition to the subprograms, sub-zoning is a commonly used tool for land 

planning with the goal of effectively managing the main protected area as well as the 

buffer zone delimited by the evaluation of certain biological and ecological 

characteristics as well as existing uses of the land (CONANP & SEMARNAT, 2017).  

In Yum Balam, sub-zoning was ostensibly implemented to help ensure the long-term 

conservation of its ecosystems, enforce established rules, and provide guidance on the 

allowed uses and activities in each sub-zone, by only allowing low-impact activities 
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like ecotourism and hiking in areas where endangered species are present. This 

classification (Appendix A) is one of the actions performed in addition to other 

activities like the collection of species for scientific research and teaching purposes, 

building infrastructure where possible for activities related to scientific research, the 

provision of services, and low impact tourism, as well as the creation of subprograms 

and components to help structure and plan the activities and efforts for conservation 

with the goal of meeting the main objectives of the protected area, among others  

(SEMARNAT, 2019). 

To define the sub-zones within Yum Balam, the following criteria were established: 

The environmental value of each place, the use of natural resources by local 

communities, the current activities performed by local people [agriculture, fishing, 

services, and sometimes livestock breeding], the information at hand about the 

physical and biological aspects of the area, and the critical sites for conservation of 

priority species and/or ecosystems (SEMARNAT, 2019, p. 103). 

 These criteria were defined based on what is directed by LGEEPA, which is 

management analysis by using the water basins approach based on ecological value and 

socioeconomic use of resources (CONANP & SEMARNAT, 2017). This approach is 

based on the integral management of water basins, whose goal is to promote the 

conservation and use of resources in a rational way to prevent anthropogenic impacts 

to the environment and mitigate natural disasters by including the participation of the 

communities located within the water basin and controlling social and economic 

activities performed in the basin (Gutiérrez, 2020).  

By considering the activities of local people in the elaboration of conservation 

strategies, members of the community will likely be more willing to help enforce the 

rules for each sub-zone. However, in the case of Holbox, the presence of different 

stakeholders, each with a different vision of nature, natural resources, and how to 
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manage them, has resulted in a constant socio environmental conflict that originates 

from the insistence of some ejidatarios who wish to privatise and sell land parcels, or 

others who want an additional urban expansion to be permitted, even though it was 

recommended differently as per the land management plan. These conflicts would 

likely translate into losses of mangrove cover because of poor organisation for their 

conservation but there are not many studies online that address this situation from a 

social perspective, resulting in a lack of information about the current social struggles 

and ways that they have been manifested (Blásquez & Rijas, 2017). 

Sub-zoning Yum Balam to manage it following the needs of each region has the 

potential to be an effective strategy considering the conservation strategy focuses on 

the exploitation of resources without endangering the well-being of the ecosystem. 

Furthermore, as discussed, tourism represents one of the biggest economic spill overs 

in the area since Cancun and Playa del Carmen are highly visited tourist destinations 

nearby, potentially impacting negatively both flora and fauna species in the region. 

Therefore, my research suggests that establishing sub-zones in Yum Balam was an 

important strategy to avoid further impacts made by tourists or activities related to the 

growth of tourism, like the construction of hotels, roads, and stores. The issue arises 

when enforcement of these policies is faulty, an example of this is what has been called 

the “kilometre of impunity”, a road built to give access to Punta Mosquito beach in 

Holbox, where a kilometre worth of mangrove trees was cut down despite the clear ban 

against these activities in sub-zones with the presence of mangrove. The building of the 

road in 2021 was promoted by a local businessman but there is no more information 

online about the overall context (García, 2019). My data suggests this to be caused by 

the lack of engagement of the general public with environmental conflicts, and the fact 
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that these events are so common in the Mexican context that these do not have as much 

impact through the media anymore. 

In addition to this, it is established by the LGEEPA that in exceptional cases, 

sub-zones for the sustainable use of resources in small regions would be allowed within 

natural protected areas. However, in the case of Yum Balam, the areas designated for 

sustainable use of resources are not limited to a small region nor are they scarce (Figure 

11). On the contrary, there are seven areas in total, focused on the sustainable use of 

resources; three are located at sea: Laguna Conil, marine strip in front of Holbox, and 

maritime portion; while four are located inland (Cuevones Reef, Holbox fractures, 

Chiquila West, and Isla Grande). Although in the first three areas, located at sea there 

is no overlap with any surviving mangrove forests, they are adjacent to sub-zones where 

mangrove is found. On the other hand, in areas like Chiquila West and Holbox fractures, 

mangroves are indeed present; here, the activities permitted are low impact tourism and 

scientific collection of species, as well as the use of small boats for transportation (in 

Cuevones reef). Other activities my data suggests cause greater impact to mangroves is 

the construction of infrastructure for low impact tourism and the extraction of mineral 

material for archaeological research purposes (Chiquila West) because the clearing of 

mangrove forests is most likely to happen if these activities are being carried out. Even 

if mangrove species are not seen throughout Yum Balam, a question that needs to be 

asked for follow-up research is how impacts in areas where mangrove is not seen affect 

the connectivity and performance of mangrove forests. 
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Mangroves are found in eight areas in Yum Balam, without taking into account 

the buffer area. In one of the areas with the most delicate ecosystems, the area directed 

for conservation of wetlands in Isla Chica and Isla Grande (2), red mangroves can be 

found close to the area for conservation “Conil Lagoon”, while white mangrove is 

found in lower-salt gradient areas, buttonwood mangrove in areas of transition between 

wetlands and coastal scrubs, and black mangrove is found in areas with a greater salt 

gradient. The existence of walking trails connecting Holbox to the area for conservation 

of wetlands of Isla Chica and Isla Grande seems a dangerous strategy if conservation 

policy is not being properly enforced because of the impact visitors could make on the 

forest because of the vicinity of mangrove forests to these areas. 

Figure 11 Yum Balam: Subareas (2019). Source: CONANP, INEGI (2017a; 2021). 
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Due to the closeness of human settlements to mangrove forests in Isla Chica, it 

is not surprising to find newspaper articles reporting illegal felling of mangroves, 

especially in areas neighbouring Isla Chica where construction companies have begun 

to illegally build infrastructure to cope with the growth of population and the increase 

in visitors to the area, in places where buttonwood and white mangroves used to be 

present (Ruíz, 2021).  While some claim the construction is needed as part of a hotel in 

Isla Chica, environmentalists argue that the affected mangrove species were classified 

as threatened species under NOM-059-Semarnat-2010, resulting in the penalization of 

illegal logging of these species through fines. Although local people have presented 

several complaints about the current situation, the authorities under the command of 

PROFEPA, the institution that gives federal protection to the environment, have yet to 

resolve this issue (Ruíz, 2021). This shows how growth of the tourist sector and the 

disagreement between different stakeholders because of personal interests can hinder 

mangrove conservation. 

Lastly, in the areas designated for human settlements (Figure 11), the activities 

permitted are several and include low-impact tourism, construction of both private and 

public works, and the use of vehicles despite the presence of mangroves. In total, 8 

hectares were lost while 10 were gained, but it is in Chiquila where most losses are 

observed, indicating that this settlement has been impacted the most, possibly due to its 

location and function as the main port in the area. 
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In general, sustainable development and scientific research are highly promoted 

in all sub-zones as well as the protection of endangered species and the diversification 

of economic activities, but without ever specifying which activities or if there is a plan 

Figure 12 Mangrove loss/ gain in human settlements in Yum Balam. Source: 

CONANP, INEGI (2017a; 2021). 
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to promote this diversification. The most common livelihood activities are related to 

agriculture, apiculture, tourism, and fishing. According to an environmental impact 

report, the activities that were given the most support for their development were the 

ones related to the food industry, like agriculture and livestock breeding (Taller de 

Cosas, 2018). On the other hand, SEMARNAT claims tourism brings diversification of 

activities, including a range of services such as the provision of food and 

accommodation, snorkelling, diving tours, and birdwatching (SEMARNAT, 2019). Since 

all these activities are related to tourism, more than a diversification of economic 

activities, it could be argued that it is a diversification of the places where tourism 

activities are being performed. Fishing, agriculture, and livestock breeding could be 

seen as other activities that bring economic profit to the region; however, I do believe 

the establishment of fisheries appears to be related to increasing demand for crustaceans 

as food for incoming visitors.  

Next, this plan focuses on the protection of all the biodiversity in Yum Balam; 

only a few rules (Table 6) are directed to mangrove conservation These rules establish 

the regulations that must be followed by tourist guides, filmmakers, researchers, 

visitors, and inhabitants. By establishing a set of rules for the proper use of the 

biodiversity found in the area and by giving a guideline for the classification and 

management of these resources, government officials show that the effective 

conservation of mangroves is planned to be continued in the long term. 

The rules are seen as a tool to regulate the activities
15

 and uses of the land, as 

well as to restore ecological balance and avoid further destruction of the natural 

 
15 Activities are established based on the particularities of each sub-zones; these were discussed 

previously from pages 66-72.  
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elements (SEMARNAT, 2019). These rules might not seem directly connected to 

mangrove protection at times, but they are connected to activities that impact 

mangroves in some way; most of them are linked to tourist activities like the rules to 

follow when taking a tour, rules for the construction of infrastructure aimed at tourists 

and for housing purposes and the establishment of wider trails for hiking when 

mangrove trees are present. Rule 11 clearly states that in the presence of mangroves, 

the activities permitted will have to avoid altering or affecting mangrove trees in any 

way, as per federal law.  Tourism is seen as an important element for the long-term 

economic development of the area; the permitted activities encompass traditional uses 

of the land as long as they do not conflict with the conservation of its species 

(SEMARNAT, 2019). Establishing tourism as one of the main activities is a common 

approach of governments to bring economic gain to an area that is costly to maintain 

by the federal government because they believe that without sustainable development, 

these areas will only consume money for conservation without ever making any profit.  

Ecotourism comes as an alternative to these areas, given that its main goal is the 

appreciation of natural landscapes, considering it to be a “low impact” activity that 

promotes the economic development of the region (Bringas & Vicencio, 2014). 

An example of this practice is Bahía de Los Angeles, another urban settlement 

in a natural protected area in Baja California Norte, Mexico, where it was found that 

despite tourism, the protected area “promotes the generation of employment and 

income in the communities within the area, as well as promoting social cohesion and 

the appreciation of the natural and cultural resources” there are still many irregularities 

when enforcing the law at the local level that results in the perception of a lack of 

regulation (Bringas & Vicencio, 2014, p. 51).  
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Other places where this has happened are the state park El Ocotal, in the State of 

Mexico, where the rising number of tourists during some seasons and the lack of 

regulation at the local level have led to significant impacts on the land due to an increase 

in vehicle use around the forest, unregulated waste management and degradation of the 

plant cover (Ramírez et al., 2009); and the Mariposa Monarca biosphere reserve, where 

largely because of the great number of visitors, tourism has not been a successful tool 

in alleviating the pressure on natural resources nor has tourism helped in enforcing the 

conservation regulations among local people, showing a clear need for better 

communication between government institutions and members of the community  

(Brenner, 2006). Having said this, the activities allowed in Yum Balam (Table 6) 

related to scientific research, recreation, and other economic activities like fishing and 

agriculture give access to resources to several actors, like ejidatarios, other residents, 

local and foreign investors, and academics, among others, although access to them is 

dictated by the specific guidelines of each sub-zones (SEMARNAT, 2019).  
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Rule # Name Description 

Chapter 

2 

Permits, 

authorizat

ions, 

concessio

ns, and 

notices. 

Rules to follow by tourist guides, filmmakers, and other 

tourist service providers. 

Chapter 

3 

Recreatio

nal 

activities 

Establishes the responsibilities of service providers and 

makes sure there is always a person who can be held 

responsible; however, it does not clarify who is responsible.  

Chapter 

4 

Visitors Visitors must comply with the rules. 

Chapter 

5 

Scientific 

research 

Every researcher will have to notify the board of directors of 

the natural protected area about their activities, as 

established. 

Consent from the owner of the land is needed for scientific 

collection.  

Chapter 

7 

Uses Using the land for self-consumption activities is allowed if 

there are no permanent damage to individuals or 

communities. 

Reforestation is only to be done with native species. 

Chapter 

11 

Specific 

rules 

within the 

subarea 

for human 

settlement

s. 

Some buildings are allowed for tourist and housing services, 

as well as commercial and conservation services. 

In the presence of mangroves, the activity will have to avoid 

altering, removing, or fragmenting the dynamic of the 

ecosystem, additionally, walking trails must be wide.  

Chapter 

15 

Sub-

zoning 

Classification of the different areas in Yum Balam to 

manage its resources more efficiently and ensure their 

conservation for future generations. 

Chapter 

17 

Inspection 

and 

vigilance.  

Priority to the conservation of natural spaces to be 

capitalised and sold under the label of “ecotourism”.  

Table 6 Rules for mangrove conservation in Yum Balam Source: SEMARNAT 

(2019). 

 

Certainly, the land management plan reflects the desires of the government to 

have low impact tourism as an activity that will continue developing in the future within 
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the protected area; therefore, the creation of guidelines for controlled growth of this 

sector is essential. This narrative is reflected in the regulations established to manage 

each sub-zone since the main objectives are the preservation and sustainable use of 

resources, although low impact tourism is allowed in all areas except for the subarea of 

recovery of La Ensenada, where “the allowed activities are scientific collection, 

scientific investigation, and environmental monitoring” (SEMARNAT, 2019, p. 143) 

showing  a clear capitalization of nature and the desire to preserve it for future use and 

to guarantee a steadily growing economic spill in the area (SEMARNAT, 2019). 

An appropriate question would be if there are any tools or projects to make sure 

that these changes in the management of the land bring benefits to all members of the 

community rather than only to a few individuals or small collectives that come to the 

area to invest in the tourist sector, based on the idea that if community members have 

a feeling of social justice, they will be more likely to help contribute to the conservation 

of the land following the guidelines of the plan, therefore, it being more likely to reach 

its conservation objective (SEMARNAT, 2019). 

In addition to this, agriculture and fishing are other activities allowed in certain 

areas where biodiversity is low, always prioritising the remaining biodiversity over the 

change in land use. As such, my research suggests that these activities are more likely 

to occur in the area of influence, around human settlements, the area of sustainable use 

of the natural resources in Holbox, among others; partly because of the sub-zoning of 

Yum Balam, that encourages the performance of these activities in areas that have 

already been modified by human activities, but also because the infrastructure built to 

cater for tourists is more prevalent in areas close to the coast, which is something 

tourists value when travelling to the Caribbean. It is in these areas close to the sea that 
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most of the mangrove cover is present, thus my analysis shows that even if higher 

impact activities are being performed in areas away from mangrove forests, there are 

still activities that directly impact mangrove forests. 

Moreover, the objectives of the plan tend to focus on the preservation aspect, 

insisting on the importance of safekeeping the species found in the area for the 

continuity of natural processes while also profiting from them, based on the idea that 

productive activities need to be planned based on the particular characteristics of each 

ecosystem and guaranteeing the permanence of the natural resources (SEMARNAT, 

2019). To achieve its goals, the plan focuses on the importance of academic research 

and the divulgation of information to make residents aware of the significance of the 

area, sub-zoning for its management and conservation, and the diversification of 

economic activities; these all being strategies seen in other natural protected areas that 

are usually targeted as tourist attractions based on the idea that tourism promotion 

encourages the conservation of the region, because of the added perceived value of the 

area given by visitors (Segrado et al., 2013).  

Environmental services of mangroves are recognised as another key element in 

the land management plan by pointing out their importance for people’s health as well 

as representing an economic gain thanks to their help in maintaining biodiversity, the 

production of goods, food, water, wood, and fibres (SEMARNAT, 2019). The 

discourse used to describe the site can be interpreted as supportive of the idea that it is 

necessary to manage available resources (in this case, mangroves) successfully to get a 

profit from them while causing as little impact as possible; without ever clarifying what 

is understood as low impact. Nowadays, with concepts like “the Anthropocene” being 

used to describe the current geological period based on the idea that humans are the 
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dominant force shaping Earth’s processes, it seems likely that economic activities in 

Yum Balam, despite being considered as low impact, will still pose a threat to the 

conservation of resources, especially if they are not periodically monitored.  

Next, it is mentioned by SEMARNAT (2019) that the ejidos of Holbox and 

Chiquila are the only ones with communities within the natural protected area, which 

is significant because there is not much information as to why the surrounding 

communities are not a part of this project but are part of the buffer area. Holbox and 

Chiquila have seen a rise in their economic development within the past few years, this 

growth has been driven by the development of the tourism sector and migration to these 

areas from smaller communities (SEMARNAT, 2019). An alternative document (but 

not official) indicates it was the decision of these communities, because they did not 

trust government agencies enough and they knew that they would not be able to manage 

their land in the same way as they had for so many years if they adhered to the plan. 

These communities are mostly Indigenous, in contrast to Chiquila and Holbox. I believe 

it would be a very interesting point to add, but there is not enough evidence (certainly 

nothing official) to support this claim. 

An explanation for the growth of ecotourism could be the promotion of a 

“responsible tourism that looks to be in direct contact with nature and culture”  

(SEMARNAT, 2019, p. 53) in the area, which has been justified by the idea that it 

allows for the conservation of the area since it promotes “activities focused on the non-

extractive use of flora and fauna, like bird watching, swimming with whale sharks and 

hiking” (SEMARNAT, 2019, p. 53), and it involves members of the local communities] 

actively so that they can, too, have economic gain. However, the plan fails to mention 

all the negative impacts tourism brings to these communities, like excessive waste 
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disposal and soil contamination that may be affecting mangroves. Additionally, it is 

important to note that the land management plan focuses more on the preservation of 

animals, like turtles and whales, rather than the preservation or conservation of 

mangrove species that are a core element of the coastal ecosystem. 

If the conservation policies stated in the land management plan are not 

successfully enforced, with the help of trained staff that monitors the activities that are 

being performed in the area, it could lead to territorial and cultural homogenization, 

something that could be argued to be already happening in Yum Balam with the loss of 

communal property, the building of tourist developments, and the disintegration of the 

community of ejidatarios (Vaccaro & Beltran, 2013). 

Market-led conservation is often described as an answer to the government´s 

need to maintain protected areas that do not generate enough funds themselves, 

therefore, the resources found within the protected area become a commodification to 

be sold for profit. That profit is then used to manage, conserve, and restore natural 

protected areas; in addition to this, many institutions, NGOs, and “green” companies 

often offer financial assistance for this purpose. Vaccaro & Beltran (2013, p. 258) state 

that “government agencies, NGOs, or companies interested in gaining green 

respectability, have become a fundamental part of the managerial plans of protected 

areas…often these subsidies have been negotiated with complete disregard to local and 

indigenous peoples”. This can be seen in the dispute between the economic 

development plans of the municipal government of Lazaro Cardenas and conservation 

groups that are trying to keep the resources safe and not commodify the nature present 

in Yum Balam (Vaccaro & Beltran, 2013). 
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On the whole, the actions to be followed, although pertinent, show the lack of 

research on the current context of Yum Balam, as well as on the state of mangroves in 

this area, and the social struggles resulting from this despite having been established as 

a protected area for more than two decades. Furthermore, they demonstrate the lack of 

information that exists for the creation of a database that contributes to current 

conservation policies and the future economic development of the region. An example 

of this is the fact that in the management plan, the list of species shown was elaborated 

in 1999, and one of the main goals is to detect the presence of invasive species and their 

effects on native populations (Secretaría de Medio Ambiente y Recursos Naturales, 

2019, p. 67). Another example is the insistence on the elaboration of a database to store 

the information generated by Geographic Information Systems, fieldwork, and 

academic research, indicating that to this date, there is no official compilation of this 

information in the hand of the local government, or if there is, it is not publicly known 

(Secretaría de Medio Ambiente y Recursos Naturales, 2019, p. 63) 

Moreover, if the local population does not agree with the management of the 

land and the administration of the resources because they might not feel their needs are 

being met, the conflict could endanger the integrity and configuration of local 

communities (SEMARNAT, 2019). This situation becomes more delicate when 

additional variables come into play like the selling of rights over ejidos in Holbox, the 

uses that have been given to the land, and the value given to natural resources in Yum 

Balam; showing a great diversity of points of view that can both give support or oppose 

certain interests (Bringas & Vicencio, 2014). An example of this is the conflict that 

originated with the purchase of land within the ejido by a businessman who argues that 

with the purchase of the land, the purchase of the ejidatario title was included, leaving 
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the former ejidatarios (around 70 in total) outside of the ejido council and making the 

land vulnerable to changes in its use (Bringas & Vicencio, 2014). 

On the other hand, there is an effort to include members of the community like 

“producers, housekeepers, and different authorities of Holbox, Chiquila, San Angel, 

Solferino, and Kantunilkin” (SEMARNAT, 2019, p. 7) in the land management plan 

by asking their participation in forums and interviews to know the challenges they face, 

their needs and to keep them informed. Although their inclusion is commendable, it 

could also create a fallacy of being included without really having any power over the 

elaboration of the land management plan, while the decisions are being taken by 

government officials, entrepreneurs with enough economic influence in the area, and 

NGOs, among others.
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Chapter 5. Concluding remarks 

Mangrove forests are highly valued ecosystems due to the protection they offer 

against hurricanes as a natural barrier in areas close to the coast, their capacity for 

carbon sequestration, and their environmental services against coastal erosion. In Yum 

Balam, mangrove forests are found in areas close to the coast in Isla Chica and Isla 

Grande, and further inland in the southern part of the area and sometimes in regions 

close to human settlements. My findings based on an analysis of spatial data obtained 

from a government agency, suggest that since 2005, mangrove forest cover has tended 

to increase. Despite this, existing literature combined with my analysis of various 

documents and newspaper articles, indicate these ecosystems are in danger because of 

the increasing pressure to convert the land for aquaculture, agriculture, or economic 

activities related to the tourism sector. It remains to be seen whether the recently 

established land management plan will be effective in protecting mangrove forests in 

Yum Balam. My research findings suggest that there are both useful regulations as well 

as weaknesses. My reserach provides a baseline for future studies that are interested in 

analysing and comparing the state of mangroves in Yum Balam before and after the 

establishment of the land management plan.  

For this project, I mapped the changes in mangrove cover in Yum Balam over 

time, from 1981 to 2020 using data sourced from CONABIO and INEGI. During the 

periods of 2005 to 2010 and 2010 to 2015, there appear to have been modest increases 

in mangrove cover. This changed in the last period, from 2015 to 2020when gains in 

mangrove cover increased, far exceeding the losses. Losses occurred mostly in areas 

close to the coast and near Holbox, Chiquila, and in areas where mangrove trees are 
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most prevalent, like the areas for conservation of wetlands of Isla Holbox and Isla 

Grande, and the sub-zones for the conservation of coastal wetlands. 

By 2020, both losses and gains were seen all along the coast past from Chiquila, 

all the way around to Holbox, and around the area for sustainable use of the Conil 

Lagoon. The areas that show the most changes are the area for conservation of coastal 

wetlands, the area for human settlements in Chiquila, the area for conservation of 

wetlands in Isla Chica and Isla Grande, as well as the area for sustainable resources 

west of Chiquila. Lastly, the maps show that the areas with the most changes are indeed 

the ones where the most mangroves are located, and the areas surrounding Chiquila. 

Further research, perhaps fed by fieldwork and ethnographic methods, would be useful 

to understand the local social dynamics that influence changes in mangrove cover, as 

well as to identify other drivers that are not easily detected in spatiotemporal analyses. 

In addition to this, the use of drones to map the area and transects to make field 

observations could help verify the data provided by INEGI and CONABIO on 

mangrove extent in recent years. 

Another important observation is that the extension of mangrove cover 

increased from 2015 to 2020 so much that there is now an even larger total area of 

mangrove forests than in 1981, suggesting that efforts for protecting the area have been 

successful, although another explanation for this could be the difference in 

methodologies and mangrove characterization for classification by CONABIO in 

different periods. Not only do the maps generated with the information given by 

CONABIO show an increase in mangrove extent, but recent changes are indeed located 

to the east of Chiquila and continue around the coast reaching Holbox. The differences 

between the earlier periods and the last period suggest that further investigation is 
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needed to explain this. The findings indicate that mangrove forests have been expanding 

over time, while also becoming reduced in other areas; this could be easily mistaken as 

a success in management, but several variables need to be considered to properly assess 

the success or failure of the management plan. 

Furthermore, when comparing this data to the data obtained through the random 

forest classification using Google Engine, and the one published by the Global 

Mangrove Watch, some discrepancies can be seen that could be caused by several 

factors, including the use of different satellite images, a different projection, or the 

framework used for the classification. However, further research is needed to know the 

exact causes of these differences. My analysis using Global Mangrove Watch data 

shows a decrease in mangrove cover since the 1980s with a few periods of increase, 

especially from 2007 to 2010. In contrast, when analysing the Google Engine images, 

I found that there had been a continuous increase in mangrove cover similar to what 

was found using data from CONABIO. These results also show a slow decrease in loss 

of mangroves in inner regions, focusing on the regions around the coast, from Chiquila 

to Holbox. A period of recovery in 2015 based on Google Engine images matches 

observations made using the data from the Global Mangrove Watch and CONABIO, 

indicating that during this period there was indeed a recovery of mangrove cover. It is 

important to note that the classification of the images using Google Engine was 

performed without visiting the site to take field-based control points, something that 

would likely affect the results. Without this, it becomes necessary to base the analysis 

on the information provided by CONABIO, which is also the data used to inform the 

management plan. The mention of the data obtained using Google Engine and the 

information provided by the Global Mangrove Watch is purely for comparative 

purposes to verify the reliability of the data provided by government institutions. 
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The mismatch in what the government is reporting as valid data for carbon 

emissions for a specific period, and other data available for carbon stock (Adame et al., 

2018; Hirales-Cota et al., 2010; Ruiz-Luna et al., 2008), could be the result of having 

different criteria to measure carbon stock or using different equipment and methods to 

process the data obtained (Adame et al., 2018; Hirales-Cota et al., 2010; Ruiz-Luna et 

al., 2008). Because of these implications on resource management, it is important that 

the government shares clear and reliable data to accomplish a successful land 

management plan based on real attainable goals, however it is not known if there is a 

tool in place to facilitate this, showing that perhaps sharing this information is not part 

of their political interests. Having access to information about the management of the 

land, the decision making process, resource allocation, and the results of the evaluation 

of environmental policies is key to having a successful democratic system, something 

that has been a challenge in Mexico due to the lack of economic and human resources, 

poor organisation, arbitrary classification of some documents as confidential, lack of 

protocols or training to follow them, and lack of public policies for the classification 

and consultation of official information  (Parra Barboza & Vargas, 2012). 

Having to rely on potentially spurious data can lead to ineffective conservation 

policy, it could also lead to conflict between local communities who have their own 

lived experience and knowledge that conflicts with what is presented to them by 

government agencies, undermining collaboration for the long-term survival of 

mangrove forests. For this, the use of innovative technologies such as Google Engine, 

a standardised, global framework for analysing and monitoring land cover change could 

be adopted by government institutions for comparison and validation of their data, as 

well as to enable longitudinal studies that focus on mangrove conservation and 

spatiotemporal analysis of mangrove cover change in a specific area. Longitudinal 
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studies also allow comparisons at a larger scale and between different areas, ultimately 

leading to more effective conservation management.  

Another part of this research was a critical analysis of government conservation 

policy and the history of conservation in Yum Balam. I argue that the establishment of 

Yum Balam was a positive development for mangrove forests, but the history of 

conservation policy in Mexico, and for Yum Balam in particular, is one of the 

contradictions.   Since the establishment of Yum Balam as a natural protected area, this 

region of Quintana Roo has experienced a continuous transformation of its landscape 

and social organisation in local communities.  By 2004 the mangroves of Yum Balam 

were be added to the list of mangroves included in the Ramsar convention for their 

protection, but it was not until 2019 when the land management plan would finally be 

published, offering guidance to government institutions, private stakeholders, local 

people, and visitors on what activities were allowed in the area. My analysis of 

newspaper articles suggests that the long time it took for the plan to be elaborated 

indicates the little engagement there has been by federal agencies, and the lack of 

cooperation with the public, despite having highlighted the need to cooperate with local 

people to promote the feeling of transparency and collaboration. This becomes more 

evident when it is considered that as per the decree for the establishment of Yum Balam, 

in 1994 the land management plan should have been published within a year of the 

establishment of the area (Mendez, 2017)  The long delay is something that is common 

and not surprising; another example of this is the Biocultural area of Puuc in Yucatan, 

where it took 11 years for the government to elaborate a plan for its management (Chan, 

2022).  
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For some, like the Secretary of Environment in the state of Quintana Roo, 

Alfredo Arellano, establishing natural protected areas is not the only way to manage a 

landscape, nor to achieve sustainability, since many times these areas for protection 

have been established without being too clear about their protection and what it confers. 

In Quintana Roo, many natural protected areas and hydrologic reservoirs are being 

established with the idea of profiting from them; however, it has been seen that the 

economic benefits generated by protected areas is not being reflected in the budget 

assigned for their management. Natural protected areas should be established if they 

have the support of the communities involved, a clear budget for their management and 

trained staff.  

The land management plan that was finalised in 2019 for Yum Balam is a 

significant step forward since it gives clarity about the permitted activities in the area. 

At the same time, it offers protection to endangered species by establishing a set of 

rules and actions to help with the conservation efforts displayed in the pertinent 

subprograms and components. The subprograms and components are to be applied as 

necessary in each of the sub-zones through a framework based on neoliberal 

conservation, leading to the commodification of the natural resources in the area to be 

offered to both international and international tourism. Furthermore,  obstacles have 

been found to the implementation of guidelines because of a lack of agreement between 

the multiple actors (SEMARNAT, 2019). The success of preserving and managing the 

land for the last 20 years in a sustainable way is something that cannot be easily 

evaluated given that the land management plan was created only recently. Additionally, 

although the land management plan recognises the current climate crisis and the need 

to conserve biodiversity for future generations, it is still based on a market-led 

conservation strategy that is missing the implementation of appropriate verification 
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strategies to examine the effectiveness of its components; because of this lack of 

verification, external and internal economic pressures, pollution, poor management 

strategies and the absence of political presence it is common for natural protected areas 

to become vulnerable to deterioration, and result in “paper parks” that only exist paper 

but not in practice.      

This plan seems to give tourism a pivotal position as an important sector of the 

economy in Yum Balam, thus indicating that this activity will continue to grow and 

potentially present an increased threat to some of the endangered species found in Yum 

Balam, especially in areas close to where activities like construction of infrastructure 

and the use of vehicles are permitted near mangrove forests. Since 1995, a state-

supported narrative of sustainability, protection, and restoration has been in force; 

nevertheless, the many challenges at hand reflect the complex reality of conservation 

efforts that create conflicts, especially regarding land tenure, similar to the current 

conflict that started with the selling of ejidos in Holbox.  It is my understanding, 

however, that currently, the goal of the land management plan is the conservation of 

high-risk natural areas by promoting the cooperation of various institutions while 

acknowledging the differences of all the involved sectors in order to create a plan that 

benefits all (Melo, 2002). If the environment is understood as a place where a variety 

of stakeholders interact with asymmetrical political power while competing for access 

to natural resources, and subsequent control of them, it becomes necessary to identify 

who and in what ways is benefiting from how conservation policy has evolved in Yum 

Balam. While ensuring the conservation of the resources is important, it is also relevant 

to try to avoid strategies that could support narratives based on conserving nature and 

the surrounding communities in a pristine way, always remembering that both nature 

and society have agency on their own and tend to evolve and change. 

https://www.zotero.org/google-docs/?broken=jjQLwU
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Overall, the land management plan is presented as a well organised, highly 

structured document that follows the directions given by the LGEEPA for the creation 

of such a plan in natural protected areas. The use of scientific language is preferred, at 

least for the divulgation of information, using at times technical language that might 

conflict with the disclosure of information available to the general public. In addition 

to the activities permitted for the conservation of the area like monitoring and vigilance 

of areas prone to land changes, in Holbox and Chiquila, beach and sun tourism is 

allowed, which gives a green light to secondary activities related to tourism if they 

comply with non-extractive profiting of the flora and fauna that could potentially affect 

mangrove trees because of their proximity.  Chiquila is known as the waypoint to 

Holbox, the main tourist destinations causing the impacts of transportation to and from 

Holbox to be concentrated in the ports of Chiquila and Holbox. With Holbox being 

considered an international destination, investors from different places have been 

interested in developing infrastructure to offer services to tourists (SEMARNAT, 

2019). If this is to continue, a possible strategy would be to carry out a study to identify 

the ways in which an ecotourism project could be implemented in the land management 

plan, with a clear guideline to follow, designating an agency or individual in charge of 

monitoring the success of the said project.   

At the same time, people living in the area have started to change their trade and 

work in the service industry because of the great economic impact tourism has had on 

the community, leaving agriculture and other primary activities to the side, in the land 

management plan, it is stated in the plan that tourism represents such a large economic 

spillover in the area that “part of the population who originally identified as fishers, has 

changed its economic activity for the development of infrastructure for tourist services” 
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(SEMARNAT, 2019, p. 53). In other cases, individuals with higher income managed 

to establish fishing cooperatives to offer their products to tourists (SEMARNAT, 2019).   

Tourism has attracted the attention of foreigners that wish to invest in building 

infrastructure for providing services to tourists (SEMARNAT, 2019) and that have the 

economic power to purchase land and invest. Since the area is still mostly rural, even 

though many urban settlements have started to grow, much of the land is contained 

within ejido territories, making them unavailable for legal purchase without the 

certification of individual parcels and the ejidal assembly’s approval of “dominio 

pleno” which allows for the privatisation of ejido lands (Smith et al., 2009).  Changes 

in land tenure have been happening for some time in Yum Balam, especially around 

Holbox, beginning in 2005 when the process to start selling ejidos began, making these 

changes an important variable for future research to see the ways it has impacted 

mangrove conservation.  

Although ecotourism is being promoted in hopes that it will lead to an economic 

boost in the area, mismanagement can bring negative consequences for both nature and 

society, as systems that are interrelated, particularly in contexts like Holbox, where 

social struggles have been identified in the past. Although the objective of the protected 

area is to conserve both natural and cultural resources, ecotourism comes as a strategy 

that would seem ideal as it promises to protect and conserve these resources while 

attracting economic spill over to the area; however, authors like Andries et al. (2021) 

suggest that in reality, ecotourism is full of contradictions regarding conservation, as 

strong competition among nature based tourist destinations has led to a re-signification 

of the resources at hand, seeing them as a commodity, at the same time, cultural 

practices are at risk of suffering changes in an attempt to adapt them to the demands of 
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“authenticity” by tourists, resulting in a modification of their behaviour, traits, values 

and relationships among members of the community, influencing their own cultural 

identification. An alternative to this could be community-based tourism, which is 

presented to favour equitable distribution of benefits by having an organisational 

structure in which the community has control over their organisation of tourism 

(Andries et al., 2021) 

With the publication of the management plan, members of both the private and 

public sectors showed disagreement, causing the municipal council of the government 

of Lazaro Cardenas to decide to make an official claim against the land management 

plan because there was no possibility of economic development with all the limitations 

that were put in place for the conservation of the natural resources in the area (Soto, 

2021). 

Despite these conflicts, for Yum Balam the elaboration of a land management 

plan was an essential and important step toward the success of the natural protected 

area, which had been operating without any clear guidelines since 1 and started to show 

signs of major stress to the environment in Holbox and Chiquila when they became 

popular sites for tourism. The interest of the government in the conservation of the area 

has been shown since the early 1990s and has continuously evolved showcasing the 

main events that led to the elaboration of the land management plan. Despite this,it 

appears that some members of the community are not supportive of the management 

plan (Soto, 2021). The distrust of local people over certain rules or limitations to the 

use of resources might come from feelings not heard by government institutions and 

could result in illegal activities being performed (Almanza, 2000). Informing the 

general public about the strategies put in place and the legislation available for the 
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conservation of their resources is key to the success of the land management plan and 

to give a feeling of transparency. At the same time, integrating traditional knowledge 

and other strategies elaborated by the community into planning efforts helps ensure that 

the community will benefit from the conservation strategies (Beitl et al., 2019). Local 

participation is also an important element for conservation by the management plan, 

given that it allows the incorporation of local knowledge, enables empowered and 

informed decision making, and increases public trust in government decisions as there 

is a general feeling of transparency, fairness, and diversity of representation during the 

decision-making process (Borges et al., 2017). 

Lastly, my findings suggest that through a sustainable economy lens such as the 

one guiding the government’s goals for the future development of the area, changes to 

land use in mangrove areas will continue to occur given that in Mexico the consequence 

for environmental damages are usually modest fines, resulting in investors absorbing 

these costs as part of the general expenses of their project, going ahead with clearning 

mangrove trees even though it is forbidden. This can lead to further ecosystem 

fragmentation. Focusing only on the total area of mangrove forests rather than their 

connectivity, their conservation in the long term will continue to be hindered (De Faria 

et al., 2014; Ruiz-Luna et al., 2008) 

One of the main limitations of this research was the impossibility of conducting 

fieldwork that would help corroborate the information used for the spatial analysis due 

to the COVID-19 pandemic. Had this been possible, information about the opinions 

local people has on the recent changes in the landscape and how their communities have 

been impacted would have been an important addition to better understand the 

involvement -or lack thereof- of the community in the conservation efforts. Another 
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challenge was the availability and quality of the data provided by government 

institutions; even when freely available, the data were difficult to find, and it was not 

possible to obtain all of the metadata required to fully assess the data. One contribution 

of this work is the identification of possible drivers of mangrove deforestation. Similar 

studies on other protected areas in Mexico would help give more information about the 

effectiveness of the current land management plans, and it would bring a conversation 

about the congruence of the framework used for the conservation of these forests. 

To conclude, mangrove forests represent an important ecosystem for carbon 

sequestration and habitat for many endangered species in Yum Balam, being their 

conservation of utmost importance for the well-being of the biodiversity and the land. 

In addition, many members of the community depend on these species for their 

livelihoods. Considering the challenges of obtaining and processing the spatial data 

obtained, as well as the inconsistencies that were identified by comparing results using 

Global Mangrove Watch data and using Google Engine tools, it is clear that more 

studies for this area are needed, since having a reliable public database of changes in 

landscape is essential for monitoring the success of the land management plan and the 

preservation of mangrove forests. 
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Appendices 

Sub-zones Description 

2. Conservation of 

wetlands in Isla 

Chica and Isla 

Grande 

Red, white, black, and buttonwood mangrove can be found under the protection of NOM-059-Semarnat-2010, 

black mangrove is abundant in intermittent wetlands where saltiness is greater.  

Fishing limited to “catch and release”.  Fragile ecosystems require specific management. Environmental 

education activities are promoted. 

13. Conservation of 

coastal wetlands. 

Red, white, and occasionally buttonwood mangrove, protected under NOM-059-SEMARNAT-2010.  

Considered one of the portions with the most ecological relevance to the area because it acts as a natural 

filtration system for nutrients to the soil.  

Activities related to scientific investigation and environmental monitoring. Productive activities of low 

environmental impact. 

3. Sustainable use of 

resources of the reef 

Los Cuevones 

It holds flora species protected by the NOM-059-SEMARNAT-2010.  Scientific collection of species, 

environmental education, artificial reefs, and small boats are allowed. Low impact tourism is allowed. 

4. Sustainable use of 

natural resources of 

Conil lagoon 

Species of fish of great commercial value. Scientific collection of species and scientific investigation, as well as 

environmental monitoring, and the navigation of most types of boats 

Sub-zones Description 
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8. Sustainable use of 

natural resources 

Chiquila west. 

Important and dense surfaces of strip mangrove in a great state of conservation, distributed between black, red, 

and -less abundantly- white and buttonwood mangrove. Important area for the collection and recharge of water 

in underground water reserves. Scientific collection of species, infrastructure for low-impact tourism, and 

extraction of mineral material for archaeological research purposes are allowed. 

10. Sustainable use 

of natural resources 

in Isla Grande 

Productive activities must follow a sustainable lens. Scientific collection of both flora and fauna specimens is 

allowed, as well as the transit of motorized and non-motorized vehicles 

9. Sustainable use of 

the natural resources 

in Holbox. 

Aquaculture, agriculture, agricultural production systems, apiculture, and extractive use of resources following 

the guidelines established by the UMA are allowed. 

12. Human 

settlements in 

Holbox. 

Services offered to tourists and activities in support of the community, such as parking and transportation of 

groceries. Camping, scientific collection of species, private and public construction, environmental education, 

low environmental impact tourism, and the use of vehicles. 

 

11. Human 

settlements in 

Chiquila 

Hosting services and those that provide support to the community, such as parking, and groceries. Aquaculture. 

agriculture, apiculture, camping, and scientific collection of species are allowed, as well as low impact tourism 

and use of vehicles. 

Appendix A Subzones where mangroves are found. Source: SEMARNAT (2019)
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Subprogram  Components Description Main Objectives Goals Additional information 

Subprogram 

for 

protection 

Component of 

inspection and 

vigilance 

Protection against pressures 

from anthropogenic origin.  

 

Promotes the creation of 

norms in collaboration with 

other government institutions. 

To prevent illicit 

activities by the 

presence of 

trained staff. 

Monitoring of the 

annual inspection and 

vigilance program,  

Activities based on inspection 

and vigilance of the sites where 

there is a higher occurrence of 

illegal acts following the current 

legal frame. Promotion of the 

elaboration of a database of the 

sites with higher incidence. 

Component of 

prevention and 

control of fires 

and 

environmental 

contingencies 

Slash and burn as a controlled 

activity to clean agricultural 

land and plots for livestock 

grazing 

To establish 

strategies of 

prevention and 

mitigation in case 

of natural 

disasters and other 

contingencies. 

To execute an annual 

plan of action against 

environmental 

contingencies in 

coordination with the 

corresponding 

institutions.  

There is a need to elaborate a 

plan to respond to environmental 

contingencies with trained staff. 

It is important to inform local 

people about the dangers of 

handling fire and to give 

maintenance to roads. 

Component to 

preserve fragile 

areas 

Recognizes the presence of 

ecosystems that need special 

attention for being sites 

where endangered species 

reproduce, grow or nest 

To identify fragile 

areas using GIS 

tools, field 

transects, and 

scientific studies 

To generate a database 

with the location and 

characterization of 

fragile sites using GIS 

tools 

Identification and detection of 

fragile sites for the generation of 

a database that helps the 

characterization and vigilance of 

fragile sites 

Component for 

the mitigation 

and adaptation 

to climate 

change 

Maintenance and protection 

of natural resources against 

climate change since they 

represent natural capital and 

environmental services. 

To generate 

conservation 

actions and build 

resilience for the 

connectivity 

between different 

ecosystems. 

 

 

To promote the 

sustainable use of 

natural resources and 

the diversification of 

economic activities. 

Promotes adaptations to climate 

change, as well as the generation 

of tools to build up resilience to 

change and to help biologic 

corridors to ensure the 

connectivity of the landscape. 
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Subprogram  Components Description Main Objectives Goals Additional information 

Subprogram 

for 

restoration 

Component for 

connectivity 

Actions against the 

fragmentation of ecosystems 

and endangerment of the 

integrity of both flora and 

fauna species 

To maintain the 

connectivity of 

the ecosystems 

and other areas 

within the region 

To permanently 

participate in the 

implementation 

strategies for 

biological corridors 

Promotion of studies that 

evaluate anthropogenic impacts 

with the use of remote sensing 

technology and field trips. To 

create a reliable database.  

Component of 

recovery of 

emblematic 

species and 

species at risk 

Restoration of species at risk 

that have been impacted by 

either natural or 

anthropogenic processes.  

To maintain or 

better the 

conditions of 

species at risk 

To know the current 

situation of the species 

at risk. To cooperate 

with investigation 

centres and 

universities. 

Permanent actions to promote 

the establishment of UMA’s for 

the protection and recovery of 

species at risk, based on the 

coordination and participation of 

various institutions. 

Component for 

the reforestation 

and restoration 

of ecosystems. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Restoration and permanency 

of ecological functions that 

are inherent to the region.  

To recover and re-

establish the 

natural conditions 

of the deteriorated 

ecosystems 

 

 

 

 

 

 

 

 

 

 

 

 

 

To have restoration 

programs in the 

medium and short 

term.  

To restore the ecological 

conditions of the area, allowing 

the continuity of natural 

processes. 
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Subprogram  Components Description Main Objectives Goals Additional information 

Subprogram 

for 

knowledge 

Component for 

inventories, 

guidelines, and 

environmental 

and socio-

economic 

monitoring. 

To generate the inventory 

needed for the monitoring of 

species used as indicators of 

the health of the ecosystem. 

 Promotes the use of new 

technologies to monitor and 

measure the impact of 

anthropogenic activities on 

flora and fauna species. 

To generate 

guidelines based 

on the 

recompilation and 

systematization of 

the geographic 

information, and 

to monitor species 

and communities 

Short- and medium-

term actions, as well as 

permanent actions to 

evaluate impacts on 

animal and vegetal 

communities 

Compilation of traditional 

knowledge, technologies, and 

practices for their divulgation, 

preservation, decision making 

and sustainable use of the 

biodiversity. 

Component of 

information 

systems 

 databases that help with 

decision making and 

sustainable use of natural 

resources 

Databases to 

analyse the 

conservation state 

of certain areas 

considering 

political, 

geographic, 

economic, and 

environmental 

aspects 

To design 

environmental and 

economic databases in 

the short term, as well 

as establishing a 

guideline for the use of 

GIS technology. 

Plan for the elaboration of a 

database in collaboration with 

other institutions for the 

implementation of GIS 

technology and the designation 

of people in charge of this. 

Subprogram 

for culture 

 To promote the information 

of local people and the 

participation in the 

generation of protection 

strategies for the 

environment, considering 

environmental variables as 

well as highlighting the 

importance of Mayan culture 

and traditional knowledge. 
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Subprogram  Components Description Main Objectives Goals Additional information 

Subprogram 

for 

administratio

n 

Component for 

the cooperation 

and international 

designation. 

To comply with the actions 

suggested by the RAMSAR 

convention. 

To promote the 

cooperation and 

financing of 

international 

organisms for the 

destination of 

resources to help 

with the 

continuity of the 

management of 

resources and the 

conservation of 

the land. 

To elaborate a 

diagnostic of potential 

financing and 

cooperation agencies 

in charge of 

elaborating 

conservation strategies. 

 

Appendix B Subprograms and management policies from the land management plan for Yum Balam, 2019. Source: SEMARNAT (2019) 
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Element Description List 

Sub-zones Designated to protect the ecosystems found in 

the area, promote sustainable development of 

all communities and give assistance to local 

people.  
Defined by evaluating ecologic, landscape and 

social factors.  

I.Conservation of beaches and coastal dunes of Isla Grande.  

II.Conservation of Punta Mosquito beaches.  

III.Conservation of wetlands of Isla Chica and Isla Grande.  

IV.Conservation of Laguna Conil (Yalahau).  

V.Conservation of coastal wetlands.  

VI.Sustainable use of resources, marine portion.  

VII.Sustainable use of resources, Los Cuevones reef.  

VIII.Sustainable use of resources marine strip in front of Isla Grande.  

IX.Sustainable use of resources Isla Grande.  

X.Sustainable use of resources Laguna Conil.  

XI.Sustainable use of resources, Chiquila West.  

XII.Sustainable use of resources, Holbox fractures.  

XIII.Human settlements, Holbox.  

XIV.Human settlements, Chiquila.  

XV.Recovery, La Ensenada.  

Subprograms Actions to address the protection and 

conservation of the area by following six lines 

of work: protection, restoration, management, 

knowledge, culture and administration. They 

are conformed by components with specific 

objectives and activities to develop to meet the 

objectives of each subprogram in the 

timeframe provided.  

• Subprogram of Protection 

• Subprogram of Management 

• Subprogram of Restoration 

• Subprogram of Knowledge 

• Subprogram of Culture 

• Subprogram of Administration 

Components Elements that form each subprogram to 

address specific objectives, goals and expected 

results, as well as activities and actions to 

conduct to obtain such results. They are 

different for each subprogram since they are 

based on each particular goal.  

1. Subprogram of Protection 

a. Component of inspection and vigilance. 

b. Component of prevention and control of fires and environmental 

contingencies. 

c. Component to preserve fragile and sensitive areas.  

d. Component of protection against exotic species.  

e. Component for the mitigation and adaptation to climate change.  

2. Subprogram of Management 
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Element Description List 

a. Component of alternative and traditional productive activities.  

b. Component of management and sustainable use of wildlife.  

c. Component of management and sustainable use of fisheries and 

reefs.  

d. Component of tourism, public use and recreation.  

3. Subprogram of Restoration 

a. Component of connectivity 

b. Component of recovery of staple species and species at risk.  

c. Component of water and soil conservation. component for the 

reforestation and restoration of ecosystems.  

4. Subprogram of Knowledge 

a. Component to promote research and the generation of 

knowledge.  

b. Component for inventories, guidelines, and environmental and 

socio-economic monitoring 

c. Component of information systems 

5. Subprogram of Culture 

a. Component of participation.  

b. Component to educate about conservation.  

c. Component to train staff about sustainable development.  

d. Component of communication, divulgation and environmental 

interpretation.  

6. Subprogram of Administration 

a. Component of administration and operation.  

b. Component of transversality and regional and sectoral 

coordination.  

c. Component to cooperate.  

d. Components of infrastructure, signaling and public work.  

e. Component of participation and governance mechanisms.  

f. Components to obtain resources and economic incentives.  

g. Component of human resources and professionalization.  

Appendix C List and description of elements that conform the land management plan. Source: SEMARNAT (2019) 
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Appendix D Mangrove loss/ gain in areas for conservation of wetlands in Yum Balam. 

Source: CONANP, INEGI (2017a; 2021).   
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Appendix E Mangrove loss/ gain in areas for conservation of wetlands in Yum Balam. 

Source: CONANP, INEGI (2017a; 2021). 

 


