Blue Carbon in Seychelles

Subjects: Green & Sustainable Science & Technology

Contributor: Michael Bennett, Antaya March, Jeremy Raguain, Pierre Failler

Blue carbon has been proposed as a nature-based solution for climate change mitigation through the reduction in
greenhouse gases through carbon sequestration. This proposal entails the protection, restoration, and conservation of
blue carbon ecosystems such that these systems can optimally provide valuable ecosystem services. Challenges remain
in funding the conservation and protection efforts blue carbon systems require to function optimally. The ecosystem
services blue carbon systems provide can be capitalised upon through various “payment for ecosystem services”
schemes, but these have their own unique challenges to resolve.

Keywords: carbon accounting ; carbon sequestration ; ecosystem services ; nature-based solutions ; climate mitigation
and adaptation

| 1. Introduction

Blue carbon has been proposed as a nature-based solution for climate change mitigation through the reduction in
greenhouse gases through carbon sequestration. This proposal entails the protection, restoration, and conservation of
blue carbon ecosystems such that these systems can optimally provide valuable ecosystem services. Challenges remain
in funding the conservation and protection efforts blue carbon systems require to function optimally. The ecosystem
services blue carbon systems provide can be capitalised upon through various “payment for ecosystem services”
schemes, but these have their own unique challenges to resolve.

Blue carbon resources can be defined as coastal ecosystems that sequester carbon in their tissues and soils, removing
carbon from their surrounding environment . The term denotes marine and aquatic ecosystems specifically as opposed to
terrestrial “green” ecosystems such as rainforests . Recognised habitats include mangrove forests, intertidal flats such
as saltmarshes, and seagrass meadows, but the recognition of kelp forests and coral reef systems as blue carbon
sources is contentious W, Recognition of blue carbon resources under the UN framework Convention of Climate
Change in 2015 (UNFCCC) & allows nations to include the carbon sequestered by blue carbon resources under their
nationally determined contributions (NDCs) 4 despite blue carbon resources having minimal inclusion in NDCs. A lack of
institutional frameworks and insufficient research with which to enable the integration of blue carbon into the national
execution of the Paris Agreement have been hypothesised as causes 2. Nonetheless, several nations have planned
development strategies involving blue carbon resources and coastal restoration (China, the United States of America, and
countries in the EU) BB to assist in the removal of carbon (and legacy carbon) from the atmosphere, contribute to
NDCs, and contribute to climate change mitigation and adaptation 2129, Moreover, blue carbon resources can serve as
loci for conservation, offer entrepreneurship opportunities, deliver ecosystem services, and contribute to the development
of the blue economy 14,

The potential capacity of blue carbon resources to sequester carbon is large, with protected resources being able to
remove 3% of annual global greenhouse gas emissions despite limited coverage worldwide 2. The global distribution of
blue carbon resources has been estimated between 36 and 185 million ha 2, consisting of mangroves, seagrasses, and
tidal flats. Despite the relatively small contribution of blue carbon resources to climate change mitigation through
greenhouse gas removal (3%), blue carbon resources are responsible for up to 50% of annual organic carbon storage in
coastal environments 13, with the carbon stores of vegetated coastal systems having been estimated at between 10 and
24 Pg 19 making them important components in the marine carbon cycle 14l Like many other habitats globally, many
blue carbon ecosystems are degraded L&IEIAANLE] reducing their carbon sink capacities, owing to a lack of environmental
protection. However, the conservation of blue carbon resources would avoid emissions of 304 (141-416) Tg carbon
dioxide equivalent annually 2, and the restoration of these habitats would amount to sequestering an additional 841
(621-1064) Tg carbon dioxide equivalent by 2030 22,

Small island developing states (SIDS) are a categorisation of 37 United Nations (UN) member states that share many
specific features, particularly their vulnerability to external shocks from environmental and economic factors. Although



having common vulnerabilities, SIDS are diverse states with varying sizes of population, land area, exclusive economic
zones (EEZ), and archipelagic fragmentation, with some having economies entirely dependent on tourism and fisheries
and others on fossil fuel-based exploitation 19 Nevertheless, many of these SIDS (found in the Pacific, Caribbean, and
the Atlantic-Indian—South China Sea region) have the potential to benefit from the development of their blue carbon
resources, which can contribute substantially to local livelihoods and well-being 2921, Blue carbon development is also
beginning to factor into the macroeconomic aims of SIDS, as well as having the potential to contribute significantly to
multilateral commitments (such as the Paris Agreement) and address several of the unique challenges that SIDS face.
This is facilitated by the numerous ecosystem services that blue carbon habitats provide beyond carbon removal, such as
coastal protection, contributing to food security through the stimulation of fisheries through nursery ground provisioning,
nutrient filtration, and contributing to aquaculture and ecotourism L4, For example, mangroves have been invaluable
sources of timber for SIDS in particular but have been unsustainably exploited globally with the removal of more than 25%
of mangrove cover worldwide [221231241(251[26] The environmental and socio-economic benefits of blue carbon ecosystems,
once fully realised, are hypothesised to incentivise their propagation 24, facilitating the development of the blue economy.

SIDS are particularly vulnerable to climate change effects 28 and are also committed to the development of the blue
economy (which synergises with blue carbon development), with at least 15 SIDS having policy definitions or visions of a
national blue economy X2 Seychelles is widely known as a model country for blue economy development 22 and,
through the Seychelles Marine Spatial Plan, it has designated 32% of its EEZ as protected or for sustainable use,
exceeding both Sustainable Development Goal target 14.5 and the UN Convention on Biological Diversity (CBD) 30 x 30
conservation targets. Seychelles also referred to blue carbon in their NDC submissions B9, committing to the protection of
50% of its seagrass and mangrove systems by 2025 and (conditional to external support) 100% by 2030, as well as
including the greenhouse gas sink of Seychelles’ blue carbon systems within the national greenhouse gas inventory by
2025 B The protection of Seychelles’ blue carbon resources is hoped to develop increased resiliency to the effects of
climate change, mitigate national emissions, help the country raise climate finance, stimulate the local economy through
added benefits from ecosystem services, and conserve endangered and unique biological diversity within these habitats.

There is growing interest in operationalising blue carbon as can be deduced from a growing number of blue carbon
projects around the world B2, However, blue carbon projects suffer from uncertainty on risk—return ratios, implementation
pathways, and unclear legislation and policies and have created a situation where the demand for investable blue carbon
projects is currently outweighing supply 2. Much of this is due to key knowledge gaps, with limited research on the
operationalisation of blue carbon resources, particularly in a SIDS context, having been conducted. A literature review
conducted by 4 identified a major gap in the literature on blue carbon stocks for SIDS countries. The need for blue carbon
research, which includes local scientists and practitioners not only in Seychelles but in the context of SIDS as a whole 4
133 s highlighted further by the potential of blue carbon resources to contribute to reducing the vulnerability of SIDS to
climate change and external shocks.

| 2. Mapping Blue Carbon Resources and the Necessity of MPAs

Few studies have valued blue carbon ecosystem services in a SIDS context, and most blue carbon research in the
Western Indian Ocean focussed on above-ground seagrasses and mangrove carbon, assessed using remote sensing and
previous remote sensing datasets @l Using underwater echo-sounding, one study estimated the value of carbon
sequestration and storage provided by seagrass meadows in the British Virgin Islands under different scenarios over 50
years 24, The authors estimated a commercial potential between GBP 49,428 and GBP 664,785 in the baseline year,
resulting in values between GBP 4.1 million and GBP 29.8 million over 50 years. Another study performed a scenario
analysis informed by stakeholder workshops to assess the economic importance of Grenada’s blue carbon resources 22,
Their findings suggest that benefits from carbon sequestration would diminish under expected habitat loss but still
outweigh losses from carbon emissions, with welfare gains of USD 0.5-1.9 million over 50 years. However, the study also
concluded that should ecosystems remain protected and maintained, benefits could reach USD 10.7 million, with an
increase in mangrove cover by 20% (over the next quarter of a century resulting in USD 11.1 million between 2020 and
2070 B8, Yet another study has estimated the national blue carbon stock for the mangrove habitats in Belize in the
Caribbean to be 25.7 Tg C B8l As has been highlighted for Caribbean SIDS, these studies highlight the extent of
opportunity for Seychelles to benefit from the protection and operationalisation of blue carbon resources 7.

Applications such as The Nature Conservancy’s Blue Carbon Explorer presents a distribution map of blue carbon
resources (mangroves, seagrasses, and wetlands) of the Caribbean, Indonesia, and Papua New Guinea 28l Wwith time
and the collection of field data, the mapping of SIDS blue carbon resources may be included for future use. Datasets such
as those used by B0 a5 well as those from global initiatives such as Global Mangrove Watch, may contribute to the
development of increasingly accurate mapping at finer resolutions. However, some of the previous blue carbon



assessments and estimates are associated with large amounts of uncertainty, and consensus is needed on which of the
numerous mappings are the most accurate and up-to-date versions, particularly in light of conservation planning and
commercialisation of blue carbon resources (see Section 5). An international institution could be recognised as the
authority on blue carbon mapping to give credence and quality assurance to policy makers, developers, and investors in
blue carbon development projects (as motivated by 2). A decision tree has recently been produced to aid decision
making regarding the choice of remote sensing for blue carbon resources and cost-effective blue carbon accounting 1. A
recent blue carbon assessment of Seychelles mangrove systems 42 as well as a mapping of the seagrass ecosystems
(Seychelles Seagrass Mapping and Carbon Assessment Project [43]), in collaboration with Pew Charitable Trust and
Seychelles Conservation and Climate Adaptation Trust (SeyCCAT), has been verified with field measurements and could
be regarded as authoritative estimates (more accurate than others before) for the operationalising of Seychelles blue
carbon resources. It is recommended that a combination of remote sensing assessments and verification of blue carbon
estimates through field measurements (ground-truthing) be used for assessing blue carbon resources, as this method
provides more accurate estimates of the carbon storage and sequestration capacity of blue carbon resources than either
method alone.

Seychelles is developing a Marine Spatial Planning Atlas (MSPA) in support of its Marine Spatial Plan B2, The atlas
contains various maps of ocean floor bathymetry, diversity, protected areas, and industry bounds, as well as ocean
currents, commercial activities such as fisheries and tourism, and development planning maps. The MSPA should be
modified to include the data and findings of 42 as well as the recent seagrass mapping 42 to facilitate the necessary
protection, conservation, and sustainable exploitation of these high-value systems. The Seychelles MSPA could be
replicated for use in other SIDS contexts, which would offer enormous value to their own respective coastal and blue
economy development.

An estimated 50% of global blue carbon ecosystems have disappeared due to human activities (such as harvesting,
dredging, and non-extractive activities such as filling and drainage) as well as climate change phenomena (like severe
weather events and sea level rise), resulting in the release of carbon into the environment 444l | ong-term carbon
sequestration and storage through blue carbon habitats is only effective as long as those ecosystems are protected, as
disturbance results in carbon fixed in soils and tissues being released and cycling back into the surrounding atmosphere
and environment. It is for this reason that blue carbon conservation is advocated for as well as the establishment of
marine protected areas (MPAs). MPA classification of blue carbon ecosystems can ensure that they are not over-exploited
(over-harvested) and remain undisturbed, facilitating their growth and production and maintaining (or increasing) their
ability to sequester carbon optimally over extended periods. Even a partial protection status that allows for limited
harvesting of resources would contribute to the propagation of blue carbon resources, and such policy/legislation may
even facilitate the establishment of seaweed (kelp) farms for use as blue resources.

Seychelles has established 16 MPAs covering 26.4% of its EEZ 43 and has designated 36 MPAs to be protected 3.
Seychelles has 78% of its mangroves in protected areas on Aldabra Atoll, indicating that the nation has reached its 2025
target of 50% protection of its seagrasses and mangroves and is on track to achieving its 2030 target of 100% protection
Bl Howard et al. 48 discusses integrating blue carbon into MPA management and design. An even greater number of
MPAs may thus be established with the consideration of Seychelles’ blue carbon resources (Table 1), allowing the
Seychelles to exceed its commitment to previously agreed upon sustainability targets and facilitate new blue economy
development therewith.

Table 1. Seychelles blue carbon potential (from most recent and relevant estimates).

Blue Carbon Ground Estimated Carbon Sequestration Capacity Estimated Carbon Storage
. Source
Ecosystem Cover (Annual) Capacity
14,0.17 tonnes of COz equivalent .annually 2.5 million tons of CO; equivalent uz1
Mangroves 2195 ha (equivalent to 3858 tonnes organic carbon .
(688,091 tonnes of organic carbon)
annually)
123,596.55 tonnes of organic carbon 16.7 million tonnes of organic
Seagrasses 142,065 ha annually (451,460.45 tonnes CO> equivalent carbon (61 million tonnes of CO> (3]
annually) equivalent)
Coral reefs 169,000 ha, No data No data a7

in 2021



| 3. Mangroves

Global mangrove distribution has been estimated at 13 million ha 412 Mangrove stocks in the Western Indian Ocean
(WIO) have been mapped with datasets from 2018 and 2016, although more up-to-date datasets may be necessary to
provide a more accurate representation of current stocks. Palacios et al. ©! conducted a literature review pertaining to blue
carbon datasets in the WIO. They found one of only four relevant studies, which focused on the mangroves of Barbarons
and Anse Boileau (on Mahe), where soil cores were analysed to examine ancient sea level changes 8. Palacios et al. &
did not find any studies quantifying soil carbon stocks or accretion rates in Seychelles; however, a number of relevant
studies were published thereafter, including 42, which investigated the change in mangrove cover in relation to wave
exposure, and B, which investigated the variation in the mangrove biomass of the Aldabra Atoll.

Mangrove species found in the Seychelles include Avicennia marina, Bruguiera gymnorrhiza, Ceriops tagal, Lumnitzera
racemosa, Sonneratia alba, Rhizophora mucronata, Xylocarpus granatum, and Xylocarpus moluccensis [4E49(51]
Wartman et al. #2 has recently conducted a blue carbon assessment of Seychelles’ mangrove ecosystems. This
assessment could likely be regarded as the authoritative source as blue carbon estimates were verified using field
measurements (the most recent study to do so in Seychelles). Wartman et al. 2 contains detailed maps of the mangrove
distribution among islands in Seychelles. The Seychelles mangrove distribution covers 2195 ha, with 80% of mangroves
being located in Aldabra Atoll (Table 1, BA424951]) These ecosystems store a total of 2.5 million tons of CO, equivalent
(688,091 tonnes of organic carbon). These values are comparable to those from previous global and regional estimates !
(235211531 Mangrove systems in Seychelles store an estimated 313.48 tonnes of carbon per hectare of forest, with 70% of
this being stored in their soils and the remaining 30% stored in their plant tissues [42: however, mangrove biomass stocks
are largely influenced by site conditions, species composition, and forest structure E3I541551 Aldabra Atoll was estimated
to store 67% of the total mangrove-related carbon of Seychelles, followed by the island of Mahe (13%). Aldabra Atoll is a
UNESCO World Heritage and Ramsar site, with Seychelles currently protecting 84% of its mangrove distribution 2. The
Seychelles mangrove stock sequesters an additional estimated 14,017 tonnes of CO, equivalent annually (equivalent to
3858 tonnes of organic carbon annually), which is equivalent to 3% of Seychelles’ annual CO, emissions 421,

| 4. Seagrasses

Species of seagrasses found in the WIO include Cymnodocea rotunda, Cymodocea semulata, Enhalus acoroides,
Halodule sp. (either uninervis or wrightii), Halophila ovalis (minor), Halophila decipiens, Halophila stipulacea, Syringodium
isoetifolium, Thalassia hemprichii, Thalassodendron ciliatum, and Zostera capensis [l All of the above-mentioned species
are found in the Seychelles except H. stipulacea and Zostera capensis 4. Seagrasses are habitat engineers with E.
acoroides, T. ciliatum, and T. hemprichii often dominating in subtidal areas. Smaller, fast-growing species such as H.
ovalis and H. uninervis are pioneer species, which can be found in the intertidal zones 28, Seagrasses can also occur as

monospecific or mixed stands and can thrive in close proximity to other blue carbon ecosystems such as mangroves and
coral reefs [27[58],

Previously mapped global seagrass distribution and estimates are surrounded by much uncertainty, with global seagrass
cover ranging from 16 to 165 million ha BAEABL  Although limited studies on seagrasses in the Seychelles have been
conducted 4, seagrass meadows in the region are plentiful B8, with seagrass mapping having been previously attempted
with data from 2020 ¥, However, these data are incomplete and outdated, requiring more recent surveys for accurate
representation of available seagrass stocks in Seychelles. Moreover, the Saya de Malha bank, which may host the world’s
largest seagrass meadow under Seychelles and Mauritius’s Joint Management Area, will be a critical area to survey.

The Seychelles Seagrass Mapping and Carbon Assessment 43! provides the most recent and accurate representation of
Seychelles seagrasses, with estimates that have been ground-truthed with field measurements throughout the islands.
Seagrass cover in Seychelles currently spans an area of 142,065 ha 43! which is significantly less than what has been
estimated before (2 million ha of seagrass cover B2)). This clearly highlights the need for ground-truthing estimates with
field measurements. Nonetheless, Seychelles seagrasses are storing 16.7 million tonnes of organic carbon (61 million
tonnes of CO, equivalent) at a rate of 0.87 tonne organic C ha ly™! (Table 1 “3)). Using these figures above, the
Seychelles seagrass stock thus sequesters an estimated additional 123 596.55 tonnes of organic carbon annually
(451,460.45 tonnes CO, equivalent annually, Table 1). However, the stored carbon is not equally spread across all of the
Seychelles seagrasses as the species composition of seagrass beds influences their carbon sequestration ability 4!, with
two-thirds of seagrass carbon being stored in the soil 62l and the remaining third in seagrass tissues.

In a valuation of the Seychelles blue economy using the UNECA's blue economy valuation toolkit (BEVTK), the blue
economy contribution of the seagrass ecosystems in the Seychelles contributed 98.21% of USD 48.07 hillion (in [53: see



Figure 4). This valuation considers other ecosystem services that seagrasses may offer beyond merely blue carbon but
nonetheless highlights the importance of the seagrass ecosystem to the Seychelles blue economy (98.21%).

| 5. Coral Reefs

There has been a long-standing debate on whether coral reefs are net carbon sinks 84165166 carbon sources EZBEI6Y of
shifting between the two FAIZUIZ2] This is accompanied by a significant knowledge gap surrounding the topic. Shi et al. /2
reviews this debate and proposes the inclusion of the microbial carbon pump in the discussion, suggesting that it
significantly contributes to the storage potential of coral reef systems as blue carbon resources (see also [8l). The unique
combination of physical, chemical, and biological processes in different coral reef locations makes it difficult to achieve
consistent calculations of carbon dynamics [€3l74] Furthermore, coral reefs are one of the most vulnerable ecosystems to
environmental changes. Phenomena such as coastal acidification, rising sea levels, and regional warming have
contributed to the loss of corals on a global scale through coral bleaching Z2ZSIZ8] and such stressors not only threaten
coral reef survival but also impact the ability to gauge their carbon sink—source attributes 2. There is a subsequent need
to strengthen and support coral reef restoration programmes and to improve their resilience to environmental stress to not
only maintain their potential carbon sink function 2 but also the other ecosystem services they offer (e.g., habitat
provisioning).

The key point underpinning this debate is that coral systems are mixotrophs, meaning that they can switch between
autotrophic (producing energy of their own means, such as through photosynthesis) and heterotrophic (metabolising
energy from external inputs, such as filter feeding) modes of energy production. This ability affects whether or not coral
reef systems are a net carbon sink or carbon source . When the coral system is governed by autotrophic production,
the amount of carbon fixed by photosynthesis is higher than that released by coral respiration, meaning that the reef
system is more likely to act as a carbon sink 2, When the coral system is dominated by heterotrophic production, corals
obtain their energy by feeding on zooplankton and suspended matter. The amount of carbon released by respiration
exceeds that fixed through photosynthesis, resulting in the coral reef system acting as a carbon source Z4. Corals are
likely to shift to heterotrophic production when they are stressed, releasing their photosynthetic algae during bleaching
events and subsequently releasing more carbon to the environment. Corals are likely to collapse and disintegrate when
dominated by heterotrophic growth 22, emphasising the need for protection and addressing environmental climate
change to ensure healthy coral systems. In addition to this, biogenic calcification (i.e., the production of calcium-
carbonate, CaCOj) releases CO, during its production 4. The presence of calcifying organisms (including corals,
molluscs, crustaceans, and algae) thus influences the carbon sink classification and capacity of an ecosystem, including
seagrasses and mangroves, and influences the ecosystem carbon budget 828, Despite the mixotrophic nature of corals
and the associated inability to classify them as true blue carbon resources (and carbon sinks), there are specific actions
that can be taken to potentially enhance the carbon sequestration capabilities associated with coral reef ecosystems 2
(1) Strengthening the practice of coral conservation and protection towards the development of healthy reefs as potential
carbon sinks. (2) Coordinated holistic land—sea development has the potential to increase the carbon sink potential of
coral reef systems. (3) Increasing connectivity within coral reef systems and between other blue carbon systems may
facilitate enhanced carbon sequestration B9, (4) Artificial upwelling has the potential to improve nutrient cycling and
carbon sinks in coral reefs [BI[Z2IB1IE2] Artificial upwelling is an emerging eco-engineering technology included in the
Special Report on the Oceans and Cryosphere in a Changing Climate (SROCCC) of the Intergovernmental Panel on
Climate Change (IPCC, see El). However, care needs to be taken with blue carbon projects designed around coral
restoration and coral outplanting specifically, as the increased amount of biogenic calcification associated with the coral
outplanting may influence the carbon budget of the ecosystem such that the ecosystem becomes a net carbon source,
thereby invalidating the purpose of the project. Instead, coral reef restoration should be focussed on the conservation of
biodiversity and the other ecosystem services coral reefs provide (habitat provisioning, fisheries supplementation, coastal
buffering, and cultural value).

Coral cover around the world has been reduced (and continues to reduce) due to the effects of rising sea temperatures
and other climate change effects B384 SIDS may be experiencing this reduction at an elevated rate due to their
susceptibility and their particular vulnerability to climate change effects (28183 This is particularly true for the Seychelles as
numerous coral bleaching events have resulted in a 97% reduction in coral cover since 1998 (88l Coral reef restoration
efforts have been underway for some time with successful results: reef restoration efforts at a transplantation site saw a
700% increase in coral cover from 2012 to 2014, with a further documented five-fold increase in species richness and a
two-fold increase in coral settlement and recruitment by 2016 BZI88 However, the third global bleaching event (2014—
2017) heavily impacted coral reef systems, including the Aldabra Atoll [BJ8Y Aldabra Atoll's benthic community shifted
significantly over this period with a significant reduction in coral cover, showing that protected areas are not isolated from



climate change pressures B2, Coral cover in Seychelles was estimated at 1690 km? in 2021 (Table 1, 24) but has likely
changed since then.

The increasing number of MPAs under the Seychelles Marine Spatial Plan and the associated increase in coral reef cover
in the Seychelles facilitates the establishment of sufficient coral systems with potential as blue carbon resources. Despite
research on the carbon source—sink nature of coral systems being limited 2, addressing research and data gaps may
significantly contribute to the classification of coral reef systems as blue carbon resources. A global study of the
mechanisms and processes underpinning the carbon cycle at various levels or organisations has been advocated for to
establish the contribution of coral reefs to sea—air CO, dynamics 22, However, recognition as true blue carbon resources
may have to be determined on a case-by-case basis (or MPA-by-MPA basis) but may allow countries rich in coral systems
such as Seychelles alternative means of contributing to sustainable development goals (SDGs) through nationally
determined contributions (NDCs). Revenue generated from coral carbon resources may also be directed towards the
continued development of coral reef restoration projects in Seychelles (and neighbouring nations), enhancing the
associated benefits from healthy coral reef systems (such as fisheries supplementation, cultural significance, and
tourism).

| 6. Threats to Blue Carbon Systems and Resources

Similar to other natural ecosystems, blue carbon resources are threatened by human activities, such as overexploitation
and unsustainable coastal development. However, blue carbon resources as well as their associated carbon sediment
deposits are also influenced by climate change effects over different spatial and temporal scales 4. Lovelock & Reef 14!
reviews the effects of climate change on all types of blue carbon resources (except corals) and focuses on sea level rise
due to its fundamental role in altering the distribution and composition of coastal environments. The vulnerability of blue
carbon to climate change is a function of exposure, vulnerability, and adaptive capacity 24,

Exposure to climate change varies among ecosystems. All blue carbon is exposed to sea level rise to varying degrees
(regionally and temporally 22). Mangroves are exposed to drought and storms in subtropical regions but less so at the
equator 23], A less considered phenomenon is that saltmarsh blue carbon is vulnerable to mangrove encroachment where
the distributions of these habitats overlap 24!, in many cases altering and increasing sediment carbon storage [241951(96],
Exposure of sedimentary carbon deposits to increases in wave energy is likely on more exposed shorelines than on
protected estuaries. Temperate seaweeds and seagrasses are vulnerable to marine heat waves at lower latitudes, which
can result in their degradation as the environment changes to that characteristic of the tropics [27[98],

The sensitivity of blue carbon resources to climate change also varies 1. Sedimentary organic carbon density varies
globally among different settings (231621199 Kyt it is expected that sediments with greater carbon density are more sensitive
to processes that may disturb it [BU190  Fyrthermore, sedimentary carbon stocks are differentially sensitive to
mineralisation. Depending on the specific characteristics of the organic matter as well as the environmental conditions in
the area, the process of decomposition and CO, release may be accelerated 1011921 Examples such as nutrient input
and pollution 20102 changes in rainfall and sediment salinity [L031[1041[105] and wave action intensification 42 may reduce
carbon storage capacity and influence the carbon fluxes associated with blue carbon systems such that more CO, is
released into the atmosphere 141,

The adaptive capacity of blue carbon systems may be thought of as their potential to accrete vertically to adjust to sea
level rise (by increasing sediment mass, tissue mass, and thus sequestration capacity), the ability to maintain their carbon
density, the ability to maintain their cover by expanding into new areas with associated sea level rise or other changing
conditions (this may be complicated for neighbouring blue carbon systems due to similar reasons as for the example of
mangrove encroachment of saltmarshes), and the capacity to maintain species biodiversity, which protects and maintains
the carbon sequestration function of the ecosystem 14,

| 7. Threats to Seychelles and Other SIDS Blue Carbon Resources

SIDS are particularly vulnerable to the effects of climate change 28 and, as such, so are their blue carbon resources.
Seagrasses dominate the blue carbon ecosystems Bl43] of Seychelles, and threats to seagrasses, such as marine
heatwaves, are of importance to conservationists and Seychelles blue carbon stakeholders. However, mangroves are also
present among Seychelles islands, and threats to mangrove systems, such as land use change and development, are
thus also of concern.



Sea level rise has been established as a threat to the coastal zone 198 and thus to blue carbon systems. The

submergence and loss of coastal environments have been observed as their depth range is exceeded and landward
migration observed 07108l Hyman development of coastal environments potentially threatens blue carbon systems in
what is known as the “coastal squeeze” 19110 Coastal squeeze occurs when the upslope migration of blue carbon
resources (usually wetlands) is prevented by human-built environments, while the seaward edge is increasingly
submerged by rising sea levels. The management of coastal squeeze through managed retreat has the potential to
increase the cover of coastal wetlands with sea level rise 102[110],

Wind regimes and the resulting waves influence a broad range of processes that impact carbon cycling and the ecology of
coastal systems L1, These are also affected by climate change and sea level rise 1121134 Ocean islands and atolls
are particularly vulnerable to the combined influence of rising sea levels and increased wave height 4. Changing wind
conditions in combination with sea level rise could be responsible for the erosion of 5 of the 20 Solomon Islands in the
Pacific Ocean (1151 Elevated wind and wave energy has the potential to cause erosion and the release of particulate
carbon, resulting in mineralisation and the release of CO, from oxygenated waters 118 However, in low-energy
environments, carbon sediment deposits could remain intact despite vegetation being overwhelmed by the sea level rise,
such as the peat bogs in Bermuda, Belize, and Panama [L98I[L17],

Several SIDS are in locations where severe storms like hurricanes and tropical cyclones occur, such as the Caribbean
islands in the equatorial Atlantic Ocean and Seychelles in the Western Indian Ocean. These storms have the potential to
damage blue carbon ecosystems and disturb their carbon soil sediments, being associated with high wind and wave
energy. Such storms are also associated with fresh-water input having the potential to alter the carbon storage capacity of
blue carbon resources 141,

Other human activities that threaten blue carbon resources beyond physical disturbance (coastal development and
exploitation) include nutrient enrichment from agricultural runoff (applicable to agricultural fertilisers and seaweed-based
fertilisers L18): turbidity changes from runoff, which influence light penetration and limit seagrass productivity 19: and the
construction of dams limiting the ability of coastal environments to accrete sediment necessary for carbon storage 119
(2201 However, in some cases, human intervention has the potential to enhance carbon stocks through sediment input
from runoff [12L[122][123][124] ' Bjndijversity loss associated with human interventions may reduce blue carbon services,
particularly with the loss of ecosystem engineers, species that maintain trophic balance, and species that regulate carbon
sequestration and storage services 14!,
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