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World Environment Day 2021 Essay Series 

Essay 1 

 

Restoration and Management are important processes for the 

Conservation and Sustainable Use of our Mangrove Resources  

Phillip Da Silva 
Division of Natural Sciences, University of Guyana - Berbice Campus 

DOI: 10.52377/LXSH7634 

______________________________________________________________________ 

 

Located in tropical and subtropical intertidal zones, mangrove wetlands have important chemical, 

physical, and biological connections with other coastal ecosystems. Mangroves support important 

ecosystem services, unique faunal and floral species, human populations, and associated 

livelihoods. 

Over the years, the use of the resources provided by mangrove ecosystems has increased and as 

a result so too has the scope and nature of impacts experienced by them.  Among the main 

factors responsible for the increased impacts are the dynamic nature of the coastal environment, 

rising sea levels, illegal removal, and coastal erosion.  These often drive ecological and landscape 

degradation and increase the challenge for sustainable management. 

Although mangrove restoration has been receiving much attention, it is important to understand 

the reason for the degradation and or loss of the mangroves and there are many factors that 

need to be considered if restoration is to be successful.  Some factors identified as necessary 

include soil stability, flooding regime, site elevation, hydrological regime, availability of planting 

propagules, predation of propagules, planting mechanics, and monitoring. However, what is 

obvious is that there is no single fix for every restoration site.  Local environmental conditions, 

the species to be planted, and local hydrological regimes are important considerations, and the 

advantages and disadvantages associated with any potential approach must be weighed before a 

decision is taken. 

Coastal protection is an important need in Guyana and given the role mangroves play in this 

process, it may have catalysed the first introduction of mangrove restoration in 2010 under the 

Guyana Mangrove Restoration Project by the National Agricultural Research and Extension 

Institute (NAREI).  Mangrove restoration and management were fully integrated into the work 

program of NAREI in 2014 and now forms a key part of Guyana’s approach to cost-effective, 

natural sea defence and climate change mitigation strategy. 

Among the key initiatives implemented, with varying degrees of success, are education and 

awareness programmes, planting of mangrove seedlings, planting of Spartina grass, and the 
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innovative application of the concept of groynes for coastal protection made from geotextile 

tube, bamboo brushwood dams, and rubble mounds.  These have helped in restoring coastal  

 

mangrove forests by trapping sediments, reducing sediment loss to the marine environment, 

increasing coastal elevation, consolidating soil, and trapping mangrove seeds and propagules. As 

we reflect on the theme for World Environment Day 2021, it is useful to remember that 

ecosystem restoration, which involves the recovery of degraded ecosystems, should also aim to 

conserve intact ecosystems, and people are integral in this process. 

 

In Guyana, as we struggle to reconcile development and environmental goals, our natural and 

restored coastal mangroves have become pawns in the process.  The time may be right to 

collectively re-evaluate how we perceive mangroves and the goods and services they 

provide.  We may choose to allow such introspection to inform our attitudes towards mangroves 

while allowing us to make decisions that enhance long-term benefits and avoid conflicts among 

stakeholders. 
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World Environment Day 2021 Essay Series 

Essay 1I 

 

Carbon Removal: Opportunities to Restore Ecosystem and 

Combat Climate Change 

Denise Simmons 
Department of Environmental Studies, Faculty of Earth and Environmental Sciences, University of Guyana – 

Turkeyen Campus 

 

DOI: 10.52377/MPFU9695 

______________________________________________________________________ 

 

Global warming is occurring and is projected to continue. The Intergovernmental Panel on 

Climate Change (IPCC) in its Special Report: Global Warming of 1.5oC, asserted that human 

activities have caused an increase of approximately 1.0°C in the global average surface 

temperature between the pre-industrial period, i.e., 1850 to 1900, and 2017 (see graph below). 

The IPCC further reports that global warming is likely to reach 1.5oC between 2030 and 2052 if 

warming continues at the current rate (IPCC, 2018). The Report also examines the potential 

impacts and risks associated with global warming of 1.5oC.  

 

With respect to biodiversity and ecosystems, these include: 

 Loss of the geographic range of some terrestrial species; increased forest fires and spread of 

invasive species; 

 Degradation of high-latitude tundra and boreal forest; 

 Shift in the ranges of many marine species to higher latitudes, 

 Increased damage to marine ecosystems; and 

 Loss of coastal resources and reduced productivity of fisheries and aquaculture (IPCC, 2018, 

pp. 7-8). Accompanying these projected impacts would be the loss of ecosystem services to 

humans. 
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Global average surface temperature over the period of instrumental observations                       

(Source: Allen et al., 2018, p. 57). 

 
The 2015 Paris Agreement requires countries to commit to “holding the increase in the global 

average temperature to well below 2oC above pre-industrial levels and pursuing efforts to limit 

the temperature increase to 1.5oC above pre-industrial levels”(United Nations, 2015, p. 3).  The 

Special Report examined different pathways to meet the Paris Agreement’s ambitious targets; 

notably, all of the pathways necessitate the use of carbon dioxide removal (CDR) to achieve the 

net emissions reductions required to attain the targets.  

 

But, what is CDR? The IPCC (2018) defines this as: 
 

Anthropogenic activities removing CO2 from the atmosphere and durably storing it in 

geological, terrestrial, or ocean reservoirs, or in products. It includes existing and potential 

anthropogenic enhancement of biological or geochemical sinks and direct air capture and 

storage, but excludes natural CO2 uptake not directly caused by human activities (p. 24). 

 

There are several existing and potential CDR measures, including: afforestation/reforestation, which 

is the planting or restoring of forests to absorb carbon dioxide; soil carbon sequestration, such as 

the use of no-till agriculture and crop rotation to increase the amount of carbon stored in 

soils; bioenergy with carbon capture and storage (BECCS), which involves the growth or 

collection of biomass, processing it into biofuels or energy, capturing the carbon dioxide from 

the process and storing in geological reservoirs or long-lasting products; enhanced 

mineralisation which is the spreading of crushed rock over land to absorb carbon dioxide from 

the atmosphere; and direct air carbon capture and storage (DACCS), which is the absorption of 

carbon dioxide from the atmosphere by chemical means and storing it in geological reservoirs or 

long-lasting products (American University, 2021; Cho, 2018; IPCC, 2018; Morrow et al., 2018). 

 

Oceans can also serve as a means of CDR: ocean alkalinisation is the spreading of alkaline 

substances, such as lime, over the oceans which then absorb carbon dioxide; ocean 

fertilisation, which is the addition of nutrients, such as iron, over the ocean thereby promoting 

the growth of algae which would absorb carbon dioxide; and coastal blue carbon, which is the 

protection and restoration of coastal wetlands, including mangroves, seagrass and salt marshes – 

these all increase the absorption of carbon dioxide since these coastal wetlands hold large 

amounts of carbon in their biomass and sediments (American University, 2021; Cho, 2018; IPCC, 

2018; Morrow et al., 2018). 

 

In the context of Guyana, the country has demonstrated its commitment to addressing climate 

change through embarking and proposing to implement a number of these CDR measures, such 

as mangrove restoration (see image below) and reforestation of mined areas; as such, the co-

benefit of restoration of ecosystems is being realised. This is notwithstanding the fact that Guyana 

is a net carbon sink country. As Guyana’s, as well as other countries’ commitments to the 
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achieving the purpose of the Paris Agreement become increasing ambitious, strong consideration 

of other and more expensive and innovative CDR measures may become a distinct possibility. 

 

 

Mangrove restoration along the coast of Guyana in 2016. (Source: NAREI) 

 

Have you recognised the mutual benefit? Since forests, oceans, wetlands and soils are sinks and 

stores of carbon dioxide and other greenhouse gases, they play an essential role in CDR. The 

application of CDR measures involves the restoration of (these) ecosystems, while simultaneously 

mitigating climate change and contributing to the achievement of the targets of the Paris 

Agreement (United Nations, 2019). Carbon dioxide removal is a critical process in ecosystem 

restoration, the theme under which we celebrate World Environment Day 2021. It will be even 

more important during the UN Decade on Ecosystem Restoration 2021-2030 that additional 

research be focused on the measures for the development of an enabling framework to 

encourage the large-scale deployment of CDR. 
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Economic Perspective 
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______________________________________________________________________ 

 

The connection between mangrove forests and the well-being of society has been precarious as 

evident in the literature with several studies showing the importance of mangroves to social well-

being (Dev Roy, 2016; Hogarth, 2007; Vo et al., 2012) and others showing a social perception 

that mangroves are a barren wasteland (Hollis & Thompson, 2007; López-Angarita, 2016) and are 

being replaced by built infrastructure (Haslett, 2000). In recent years, a lot of traction has been 

given to the economic importance of mangroves predominantly based on the value of the 

proliferation of ecosystem services they provide to our society (Vo et al., 2021). The challenge 

that many researchers have in firmly establishing the value of mangroves to the wider society is 

that most of society cannot observe the revenue generation capability of mangroves, outside of 

a few subsistence activities such as fishing or bark harvesting, and few eco-tourism operators 

(Ostling et al., 2009). When compared to ecosystems such as forests or reefs for instance that 

can substantiate significant revenue and employment opportunities, mangroves do not have the 

same appeal. 

 

Mangrove seedlings for regeneration planting. (Source: NAREI, 2016) 
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For this reason, mangroves worth are often undervalued and misrepresented in the economic 

context of the aggregated value of nature to the economic well-being of a country (Queiroz et 

al., 2017). The true value of a mangrove is not from the revenue earning capacity, but the 

significance of the contribution of its regulating ecosystem services to communities. For instance, 

mangroves regulate hydrological flows from inland to the sea; protect coastlines from storm 

surges and coastal erosion; slow the intrusion of the sea inland providing a natural sea defense 

for low-lying countries; provide a habitat for a rich biodiversity of flora and fauna; and function as 

one of the most productive carbon sequestration systems among all other tree species (Estrada 

et al., 2014; Ostling et al., 2009). Whenever a stock of mangrove is lost due to pollution or land 

clearing, society loses the flow of ecosystem services associated with it. The value of the 

mangroves may then be understood when society has to bear the cost for this loss of these 

services that the mangroves were providing as a free public good. To give a rough estimate, one 

kilometre of mangrove reduces a storm surge height by 60% and slows the process of sea-level 

rise intruding inland. For every one kilometre of mangroves lost along the coast and 

corresponding coastal protection services, it will cost approximately US$10.9 million dollars to 

build the infrastructure to replace it (Moonsammy, 2020). According to Costanza et al. (2011), 

the value of all the ecosystem services provided by one hectare of mangroves annually is worth 

US$193,845. 

Among the key economic considerations when exploring the policy decision for mangroves, is 

that an estimated value of the ecosystem services should be included into any project decision 

that will either remove or rehabilitate mangroves. As with any project or policy decision making 

process, cost benefit analysis capturing the social benefits and costs will yield socially optimal 

outcomes. The value and contribution of mangrove ecosystems is well documented. As such, 

rehabilitation efforts can readily justify the need for more project investments as the value of 

mangrove ecosystem services, which is self-evident, is understood by the wider society. 
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Achieving Land Degradation Neutrality through Active 

Restoration 

Chetwynd Osborne 
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Turkeyen Campus 

 

DOI: 10.52377/MXYA1412 

______________________________________________________________________ 
 

The degradation of land resources is taking place at an alarming rate and this will remain an 

important global issue for the 21st century given its adverse impact on sustainable development, 

the environment, food security and quality of life. Humans underestimate the role that land plays 

in our daily lives, often considering it as a limitless resource (Image 1). Globally, annual losses of 

75 billion tonnes of soil cost the world about US$400 billion per year (Eswaran et al., 2001). 

Therefore, sustainable land management (SLM) practices coupled with active restoration are 

paramount in the quest to achieve Target 15.3 of the Sustainable Development Goals (SDGs), 

which sets out a new global ambition – to achieve land degradation neutrality (LDN) by the year 

2030 (Sanz et al., 2017). 

 

Choices in the quest to achieve Land Degradation Neutrality. (Source: GLSC, 2013) 

 

Guyana is endowed with a diversity of natural resources that include fertile agricultural lands, 

diversified mineral deposits, and an abundance of tropical rain forests. Guyana has witnessed an 

upsurge in economic activities, which has led to expansion in mining, agriculture, logging and 
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settlements over the last few years, and this is anticipated to continue in light of the emerging oil 

and gas sector. These activities can impact the quality of land resources and lead to increased 

land degradation. Guyana and the wider Caribbean are particularly affected by land degradation 

induced by tropical cyclones, mining, and drought. Based on statistics derived from Caribbean 

Country Parties National Reports to the United Nations Convention to Combat Desertification 

(UNCCD) for the 2017/2018 reporting cycle, land degradation in Guyana was 16.4% which 

equates to 32,283 km2 of land relative to the total land area (UNCCD, 2018). 

 

National agencies have made tremendous strides over the years to implement SLM strategies and 

practices that embody a holistic approach to attaining long-term productive ecosystems. For 

instance, Guyana is currently implementing the Sustainable Land Development and Management 

(SLDM) project (2018–2021), which seeks to steer long-term integration of strategies geared at 

increasing land productivity and rehabilitating, conserving, and sustainably managing land 

resources in support of Guyana’s Low Carbon Development Strategy. Guyana has also set Land 

Degradation Neutrality Targets (2017–2030) through a country-driven process in the quest to 

balance losses with gains, thereby maintaining or enhancing the land resource base. These targets 

are further realised through Guyana’s participation in the “CSIDS-SOILCARE Phase 1: Caribbean 

Small Island Developing States (SIDS) multi-country soil management initiative for Integrated 

Landscape Restoration and climate-resilient food systems (2021–2025)”. 

 

The United Nations Decade on Ecosystem Restoration (2021–2030) presents a unique 

opportunity to restore the natural world that supports us all. Although a decade may seem like 

a long time, we need to act now to prevent, halt, and reverse the degradation of ecosystems in 

the quest to eradicate poverty and combat climate change (UNEP & FAO, 2020). Some necessary 

actions to achieve LDN through the strategy of the UN Decade include: (a) capitalising on 

sustainable value chain opportunities; (b) recognising the role of communities and the rapidly 

growing global movement on land restoration; (c) increasing support from individuals, 

governments, international donors, development agencies and the private sector; (d) identifying 

best practices through investment in research; and (e) building capacity and educating 

marginalised groups such as youth, women, and indigenous peoples to take an active role in 

restoration (UNCCD, 2020). During this decade, let us do the work necessary to make significant 

strides towards LDN. 
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Dr. Temitope D. Timothy Oyedotun 
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______________________________________________________________________ 
 

Global environmental issues, including but not limited to ecosystem degradation and numerous 

threats from climate change-induced phenomena, harm human wellbeing and health as well as 

challenge the sustainability of Earth. Academic literature, global debates, and numerous United 

Nations’ led conventions and targets are all pointing to the fact that there is an unprecedented 

and urgent need for initiation of processes to repair natural environments that have been 

degraded, damaged or destroyed because of relentless uses or disregards. There is indeed a 

widespread agreeable position for ecosystem restoration on all fronts. Yes, solutions are urgently 

needed for the repair of what has been destroyed over the decades. Solutions are being sought 

through various initiatives and leadership, many of which are through international frameworks, 

national policies and roadmaps, trans-disciplinary and multi-disciplinary approaches, national, and 

international political governance and financial commitments, and the emergence of many 

environmental activists. The present society is flooded with views, opinions and messages of 

environmental degradations and the challenge of repairing them. Several ambitious United 

Nations’ driven global restoration targets have been set over the decades, such as Millennium 

Ecosystem Assessment and UN Convention on Biological Diversity Aiche Targets, and now UN 

Decade on Ecosystem Restoration. These are often supported by a number of country-specific 

plans, policies, and strategies that focus on the ecosystem and ecological restorations. 

 

The decision-making and environmental governance targeted at ecosystem restoration require 

the ability to monitor, quantify, and understand the ecological changes over long time periods 

before these efforts could be realised. Understanding the drivers of degradation and destruction 

of ecological landscapes could also be achieved through the accurate measurement and critical 

analysis of ecosystem changes, flows, processes, and responses. These actions and activities can 

benefit tremendously from geospatial data. Spatial data can be used to model geographic 

distributions of sensitive ecological areas for restoration and preservation. This can guide 

planning, implementation, monitoring, and evaluation to ensure the success of ecosystem 

restoration in the next decade, globally and nationally. The application of geospatial data informs 

evidence-based decision-making by demonstrating the value of near-real-time measurements and 

remotely sensed data for raising the level of awareness and understanding of ecosystem changes, 

which will support restoration efforts. 
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Ecosystems (whether terrestrial, fluvial, marine or coastal) do not exist in isolation; they exist in 

interconnected geographical spaces. The processes that contribute to their depletion and 

degradation also exist in similar spaces, regardless of whether they are naturally or 

anthropogenically driven. Therefore, to achieve ecosystem restoration, whether for its 

biodiversity, the services it provides, or the infrastructure needed to make it a reality, the actors 

saddled with the decision making or the establishment of an integrated decision-making process 

and planning for restoration would need to rely intrinsically and integrally on geospatial data. In 

Guyana, advanced geospatial data (e.g. remotely sensed imagery) are being used by NAREI and 

University of Guyana researchers to map the extent and structure of mangrove forests along the 

Guyana coastline. These are done to monitor the growth and dynamics of this rare natural barrier 

resource that protect inland ecosystems from flooding, coastline erosion, and saltwater intrusion. 

Similarly, the spatiotemporal pattern of mangrove degradation and strategic planning for 

community engagement to prevent mangrove loss, make use of geospatial databases that are 

continuously updated through remote sensing platforms. 

Guyana has a dearth of information regarding mangrove species assessments using phenologically-

based approaches and species-level classification. The use of high spatial resolution satellite 

sensors are recommended to improve phenological assessments of mangrove species and 

examine the soft sediment terrain, saline conditions, and mud bank sediments. In addition, the 

recent cloud-based Google Earth Engine platform provides a large repository of satellite imagery 

for geospatial analysis. This could be used to rapidly examine phenological mangrove patterns, 

and determine the profiles of vegetation indices to analyse key variables needed for restoration 

decision and plans. In this UN Decade on Ecosystem Restoration (2021 – 2030), we should 

leverage geospatial technologies to pursue innovative efforts that will aid in the understanding of 

this highly dynamic environment. 
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Essay VI 

 

Freshwater Ecosystems and Restoration 

Professor Judith Rosales 
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DOI: 10.52377/NVMK3206 

______________________________________________________________________ 
 

In the last decade of the twentieth century, scientists have been raising awareness about the need 

for maintenance of the delicate equilibrium of freshwater ecosystems, of which humans have 

unfortunately altered without understanding the important services they provide. 

Thus, food chains, nutrient dynamics, inorganic and biochemical transformations, carbon 

sequestration, species diversity, species interactions, and population dynamics, are driven by the 

variables influencing the water cycle, the water budget, and water and sediment flows. Water 

residence time influences the nutrient budgets in all freshwater ecosystems, being a key factor to 

determine the spatial and temporal distribution, presence, abundance, and biomass of important 

species in freshwater ecosystems such as bacterio-plankton, phyto and zooplankton, periphyton, 

fungus, macroalgae, invertebrates, plants, fish, amphibia, reptiles, birds and mammals. 

 

River bank destruction by hydraulic dredges on Micobie, Potaro-Siparuni (Region VIII).  

(Source: Amerindian People’s Association, 2021) 
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According to the Millennium Ecosystem Assessment, human activities that have a direct impact 

on ecosystems services for humans are: a) dam construction, which alters timing and quantity of 

river water and sediment flows; b) dike and levee construction, and highroads acting as levees, 

which destroy hydrologic connection between river and habitat; c) diversions that deplete stream 

flow habitat; d) draining of wetlands that eliminates key components of aquatic ecosystem, e) 

deforestation/land use, which alters runoff patterns, f) release of polluted water effluents, g) 

overharvesting, which depletes species populations important for humans, h) introduction of 

exotic species affecting native species, i) release of metals, which alters chemistry of habitat; and 

j) emission of air pollutants such as methane. 

Restoration can be designed to rehabilitate freshwater ecosystems, or achieve partial goals such 

as improve biodiversity, water quality, ecosystem services, ecological integrity and functionality, 

and/or key ecosystem taxa. A spatial-temporal analysis must be initially conducted to identify key 

species and processes to restore watershed drivers, minimum flows and water residence 

requirements, and characteristics of the flood pulses. Eco designs based on landscape 

connectivity, analysis for optimising long term ecosystem functioning, ecological engineering 

practices, and eco technologies, are required to re-establish biochemical processes, improve 

population dynamics and species interactions. Restoration activities can be a) physical: major 

topographical corrections, creation of fish passages in areas of dams, reservoirs, dikes or roads, 

restoration of channel patterns such as meandering in rivers, minimum water flows, and b) 

biological: revegetation, phytoremediation, biomanipulation, and management of predator-prey 

populations. Community engagement has shown to be critical in the processes of successful 

restoration – not only in rural areas, but also in large cities. During the UN Decade of Ecosystem 

Restoration, it is the hope that freshwater projects based on applied science, clear goals, 

resources, multidisciplinary approaches, and scientifically-based regular monitoring, will be 

successfully conducted. 
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