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Abstract

The oceans are a key component of the climate system. They cover about 72% of the Earth’s surface
and have already absorbed about 40% of the carbon that was emitted by human activities since
the 19"" century. Coastal ecosystems, such as seagrass meadows and mangroves, play a particular
role in this blue carbon budget. They have the potential to capture carbon and to store it in deep
reservoirs where it will remain for hundreds of years. This carbon sequestration potential remains
however poorly understood and unquantified for most coastal ecosystems in the World. Here, we
try to estimate the carbon sequestration potential of seagrass meadows on the Seychelles plateau.
Seychelles has been developing extensively its blue economy and is keen to estimate the carbon
offsetting capacity of its marine ecosystem. We develop a high-resolution ocean circulation model
of Seychelles plateau and simulate ocean currents over 3-year period (2018-2020). These currents are
then used to simulate the transport of virtual seagrass fragments from the different confirmed and
potential meadows present on the plateau. Our results suggest that most of the seagrass meadows
export a large fraction (>80%) of their fragments outside of the plateau, where the carbon contained
in the fragments can settle to >1000m depth. We estimate that ~6% of Seychelles seagrass meadows
net primary production could be sequestrated in the deep ocean. This corresponds to ~85 tC/yr for
confirmed meadows and ~7994 tC/yr for potential meadows. These estimates should help Seychelles
quantify its global contribution toward net-zero emissions, as envisaged by the Paris Agreement on
climate change.
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1 Introduction

1.1 Context

Currently many phenomena, often interpreted as negative, occur under the same name: global
warming. Technological progress and science have improved enormously over the last century,
which has brought various phenomena to the fore. The changes thus assessed are changing the
properties of the entire Earth system and all its components: biosphere, hydrosphere, cryosphere
and atmosphere.

Following this, in 2007, work was carried out to promote a new concept: the Anthropocene [1]].
Climatologists Will Steffen and Paul Cruzen, together with historian John McNeill, believed that
this was the beginning of a new era, bringing the current era to an end: the Holocene. Indeed,
human activities have increased so much that in 2016, a first scientific work confirmed the trend by
confirming the concept of Great Acceleration [2]. This trend could be described by a very marked
acceleration from 1950 onwards of various human activities such as demography, global primary
energy consumption, international tourism or water use. The transition from the Holocene to the
Anthropocene is marked by many changes such as the atmospheric concentrations of CO, NO,
and CH,4 accompanied by a sharp drop in §'3C captured by trees, an increase in the average global
temperature of 0.6 to 0.9°C since 1900 and, by analogy, an increase in §'80 in the Greenland ice and
a rise in sea level [2].

Fig.|1|shows the main Earth system trends occurring during the transition phase between Holocene
and Anthropocene. It’s based on 12 indicators, representing the global state of the planet. The four
first indicators show the state of the atmosphere. Atmospheric CO2, NO; and CH, had increased
over the 1750-2010 period ranging from 100 to 1000 ppm in function of the gas considered. These
3 GHGs (GreenHouse Gases) have the higher relative global warming potentials. Indeed, CH4 and
NO, warming potentials are evaluated to 25 times that of CO, and 298 times that of CO, respectively
[3]. The sources of these gases are natural wetlands, anthropogenic activities, and biomass burning
for CH, [4] and nitrogen fertilisation, cropland expansion, processes due to fossil-fuel combustion
[3] for NO; emissions. While GHGs increased, stratospheric ozone had decreased by ~60% , mainly
due to chlorofluorocarbons emissions of human activities [5]. These four indicators are directly
related to the rise of surface temperature, less ozone contribute to less UV reflexion [6] and more
GHGs increase the infrared absorption of the Earth surface.

Another face of the Earth trends is the ocean. Again human activities are the main cause of these
process. Indeed, rises of ocean acidification and nitrogen coastal euthrophication are respectively
linked to atmospheric carbon dioxide increase [[7] and increase in nitrogen flux by rivers to coasts [8]].
Unfortunately the consequences of these are numerous and impact biodiversity and ocean chemistry
[7]. Others indicators could be used to assess the ocean health such as marine fish capture or the
shrimp aquaculture. Their evolution during the 1750-2010 period is dramatic with a major effect
on biodiversity loss. However, increasing aquaculture production might have been a good idea but
these farms require far too much fish to be sustainable (e.g. to feed carnivorous fish) [9].

Finally last indicators are related to land change. The increase in domestic land has increased by
~25% during the period 1750-2010 while tropical forests have lost almost ~25% of their territory.
All this results in a loss of biodiversity.
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Figure 1: Earth system trends during the period 1750-2010 [10]

These changes lead directly to current issues that are taken up in political debates: loss of biodiver-
sity, pollution, air quality, etc. It is not easy to discern the causes from the consequences, however,
Steffen et al. [11]] has attempted to define thresholds beyond which new states of equilibrium could
appear, thus changing the entire earth system and potentially generating catastrophic consequences
for human life: planetary boundaries (Fig. [2). These boundaries are established according to their
current status and their status during the pre-industrial era, according to these two values a limit is
established. The inner green shading represents the proposed safe operating space for the 9 different
process, while the red wedges show the current estimate of them.

For certain processes such as climate change, several indicators are taken into account to draw
the planetary boundaries shown in Fig. change in radiative forcing and atmospheric carbon
dioxide concentration. This representation remains very vague, although it is based on scientific
measurements, but it makes it possible to establish the critical processes driving the Earth system
changes. Currently three boundaries are exceeded: biodiversity loss, climate change and nitrogen



cycle. Biodiversity loss is the most dramatic situation, its boundary is expressed by the rate of
extinction (number of species per million species per year). The proposed boundary is estimated to
10 but the current status is set to >100 [11]]. The second critical process is related to nitrogen cycle,
expressed in amount of Ny remove from the atmosphere for human use (in millions of tonnes per
year). The boundary is set to 35 but currently it’s estimated to 121 [11]]. The other subsystems are
still within the limits of acceptability (ocean acidification, phosphorus cycle, global freshwater use,
change in land use, stratospheric ozone depletion) or exceed them slightly and can still be modulated
through action (climate change). It should be noted that two subsystems have not yet been quantified
(chemical pollution, atmopsheric aerosol loading) and could perhaps prove dramatic.

Figure 2: Visualisation of planetary boundaries for 9 processes of the Earth system

All the processes described in Fig. [T]are interdependent and have sometimes disastrous consequences
for life on Earth. For example, the atmospheric concentration of carbon dioxide directly induces the
acidification of the oceans. This last phenomenon is dramatic for the marine environment, as it
unbalances the carbon cycle by reducing the pH, the concentration of carbonate ions and thus the
formation of limestone [12]]. Many marine ecosystems and animals are affected by this process, such
as corals and other marine living organisms that need to build their skeletons with these elements.
The case of coral extinction is widespread, with around 32.8% of species with conservation status
being critically endangered [13]]. The causes of this extinction, in addition to acidification, are also
the increase in ocean temperature, the destruction of its habitat and overfishing [14] (Fig. [1). A
scientific study estimates that between 30 and 60% of the loss in genetic diversity of reefs is linked
to human activities [14]. The example of coral is a specific case, but there are many other cases
where the same causes are at play, there is never just one independent cause, just as there is no
isolated case.

To mitigate all these changes and to avoid too much damage on a global scale, it is necessary to act
and to find levers for action. The first direct point of action is the regulation of human activities.
Indeed, according to the last IPCCﬂ report [15], mankind, despite the consequences for human life,

'Intergovernmental Panel on Climate Change
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is considerably influencing these changes (Fig. [3). Therefore, various conferences and organisa-
tions have emerged to regulate human activities and especially their impacts on the environment,
the most popular being the United Nations (UN). Among these, the first one took place in 1972 in
Stockholm, the first time that the environment was integrated into political debates. This was a
precursor conference to which we owe the United Nations Environment Programme (UNEP) [[16]).
The programme includes various reports and targets, such as the global goal of zero net emissions
by mid-century and keeping the 1.5°C temperature within reach. Currently 49 countries have com-
mitted to this goal as mentioned in the latest emissions gap report of 2021 [17]].
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Figure 3: Change in global surface temperature (annual average) as observed and simulated using
human & natural and only natural factors (both 1850-2020) [15]

In addition to measures taken on human activities, other measures can be taken on the environ-
ment directly where there are several levers of action. Indeed, the various sub-systems (biosphere,
hydrosphere, atmosphere, etc.) of the Earth system all have a carbon storage capacity (Fig. [4). De-
pending on the emission scenario to be followed, this potential will change in each sub-system. In
Fig. 4} the scenarios on the left represent low emission scenarios while the scenarios on the right
are the worst case scenarios. The worst-case scenarios (SSP3-7.0 and SSP5-8.5) are based on GHGs
emissions doubling from current levels by 2100 and 2050 respectively. In this case, only 38 to 44% of
total emissions will be taken up by land and ocean carbon sinks. In contrast, the best-case scenarios
(SSP1-1.9 and SSP1-2.6), considering emissions decreasing to net zero by 2050 followed by negative
emissions, estimate that ocean and land carbon sinks could store between 65 and 70% of these atmo-
spheric emissions. The role of oceans and soils is therefore important in managing climate change.
The carbon cycle is therefore a key element to be taken into account in environmental measures.
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Figure 4: Total cumulative CO, emissions taken up by land and ocean (colours) and remaining in
the atmosphere (grey) under five illustrative scenarios from 1850 to 2100

1.2 Carbon cycle

Biogeochemical cycles are of great importance in regulating climate processes, in particular, the
carbon cycle has an impact on these changes with two very powerful greenhouse gases: carbon
dioxide (CO3) and methane (CHy). Although the atmospheric reservoir is important, the below-
ground processes are even more important. The contribution of these processes to greenhouse gas
(GHGs) fluxes is quantified at 30% for CO,, 70% for CH, and 90% for N,O [[18]. This makes the
Earth’s crust the largest reservoir of carbon with a storage capacity of 50.10° GtC (i.e. 5.10'° tC),
which is 1.000 times the capacity of the oceans, 20.000 times the capacity of the soil and 50.000 times
the carbon stock in the atmosphere [19] (Fig. [5). However, the stocks mentioned above and the
fluxes represented in Fig. [5| are not fixed, they can vary enormously depending on various factors
such as anthropogenic emissions. Indeed, the absorption capacity of soils or oceans depends on
the atmospheric CO; concentration, which is called the positive feedback between future climate
change and the carbon cycle. If we quadruple the atmospheric CO; concentration, it is estimated
that the capacity of soils and oceans to absorb carbon will decrease by 54% and 38% respectively
[20].

On all these carbon flows, 93% of terrestrial CO, is stored or recycled in the oceans and seas, a total
of about 4.10'3 t/yr [21]. To recycle all this carbon, several mechanisms come into play. In fact,
there are three major carbon pumps in oceans: the soft tissue, carbonate and solubility pumps [22].
Thanks to these mechanisms, the oceans have a role in regulating the concentration of CO,. This
regulation combines two opposite phenomena, the uptake of CO, by the ocean (1) and the release
of CO; to the atmosphere (2) [23], which can be expressed by the two simple reactions below:

OOQ+HQO—>CHQO+OQ (1)

Ca®" +2HCO; — CaCO; + CO, )
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Figure 5: The global carbon cycle showing the main annual fluxes and mass stocks where the pre-
industrial fluxes (estimated for the time prior to the Industrial Era, about 1750) are shown in black
and anthropogenic fluxes averaged over the 2000-2009 time period in red [24]

The three pumps mentioned above play on these two opposing phenomena. The solubility pump
is regulated by the solubility of CO,, whose main driver is temperature, with better absorption at
low temperatures [25]. Carbon dioxide present in the atmosphere will be assimilated by the ocean
through a relationship between the concentration of COs in the atmosphere and in the ocean. This
happens at the water-air interface and it is a dynamic process. The biological pump includes the
phenomena of carbon absorption towards the deep ocean, which are carried out by biological pro-
cesses such as photosynthesis made by marine organisms for their growth and lead to the formation
of organic matter as well as the precipitation of CaCOgs, which releases CO, [26]. Microorganisms
represent 90% of the biomass of the oceans and play a considerable role in the storage of carbon,
they participate in more than 95% of the primary production of marine environments [21]]. This bio-
logical pump is sometimes expressed as two pumps: the soft tissue pump, which includes biological
phenomena such as photosynthesis and thus the flow of carbon to the ocean floor, and the carbonate
pump, which includes the mineral flows of sediment formation [23].

All the mechanisms described above are not yet well understood. Indeed, the latest models used
to predict CO, fluxes between the atmosphere and the ocean underestimate carbon uptake by the
oceans [27]. Currently the oceans can absorb about 25% of anthropogenic emissions, i.e. a total of 2
PgC per year [27]. The oceans are therefore an important action point for future climate change.

13



1.3 Ocean-based solutions and blue carbon

The oceans cover no less than 70% of the Earth’s surface, and although more and more is being
studied, there is still a lot of uncertainties about it [28]. However, the potential of the oceans is
now well documented, indeed, by 2030 marine-based solutions could absorb up to 4.10% of COye
from the atmosphere, and by 2050, if measures are taken, oceans could absorb 11.10°t of COse. This
would contribute to 21% of the 2050 emission reduction targets under the 1.5°C scenario and 25%
of emissions under the 2°C scenario [29]. This potential to store carbon can be exploited through
various ocean-based solutions such as replacing energy produced by coal-fired power plants with
renewable energy sources from the ocean (marine wind turbines, energy extracted from tides and
waves), reducing international marine transport, reducing fishing by changing diets or increasing
the conservation of marine ecosystems important in the carbon cycle and recycling (Fig. [6) [128].
This list is obviously not exhaustive, there are many more ocean-based solutions to climate change.

l ' Offshore Wind
> S/ 0.65-3.50 GtCO.e
International Shipping
0.75-1.5 GtCO.e Dietary Shifts
- 0.3-1.06 GtCO.e
—— Mangroves -

Domestic Shipping 0.18-0.29 GtCO.e
0.15-0.3 GtCO.e

0.02-0.04 GtCO,e

Seaweed
Farming

Seagrasses 0.22-0.70 GtCO.e
Ocean Energy
0.11-1.90 GtCO,e

Wild Capture Fisheries Seabed Storage of Carbon
0.08-0.14 GtCO,e 0.5-2.0 GtCO,e

Figure 6: Potential ocean based-solutions that could be explored and their annual mitigation poten-
tial for the horizon 2050 [28]]

Focusing on the seagrass meadows, subject of this work, Fig. [6] shows a carbon storage potential
ranging from 2,2.10% up to 7.10%t of COye for the horizon 2050. Currently worldwide seagrasses
represent a carbon stock ranging from 4,8.107 to 11,2.107tC year~! [30]. This stock is difficult to
assess because, depending on the study, the area covered by seagrass varies between 177.000 and
600.000 km? [31]]. On the contrary the surface area covered by forests is more precisely defined and
its net global carbon sink is evaluate to 1,1.10° 4 0,8.10% C year~! [32]. But in order to have a better
comparison between the potential of theses ecosystems, Fig. [7| shows the C,,, storage for different
ecosystems. Seagrass meadows are in the same order of magnitude as forests in terms of carbon
storage. Mangrove ecosystems outperform all others.
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Figure 7: A comparison of seagrass soil C,,, storage in the top meters of the soil with total ecosys-
tems C,,, storage for major forest types [33]

The ocean-based solutions cited above and shown in Fig. [6] express the potential of the oceans as
a carbon sink. However, this carbon potential is changing over time. Climate change is already
underway and some consequences are already being felt such as sea level rise (10-25cm over the last
100 years) [34], ocean acidification and ocean temperature increases. Indeed the ocean heat content
(OHC) increased in mean by up to 5,7.10%* J.yr~! during the last 63 years (1958-2021)[35]. This is
harmful for ecosystems with a large role in carbon storage such as mangroves and salt marshes
which are very sensitive to sea level rise or seagrass ecosystems which are affected by sea temper-
ature rise [36]]. The solution requiring the protection of these ecosystems should be implemented
quickly so as to avoid reducing our possibilities. A new concept has been created in 2009 to raise
awareness and even turn it into a branch of science: Blue Carbon (BC) science [21]]. It is a generic
term that refers to all marine ecosystems where the carbon stock is still significant and which there-
fore have a potential to play a role in managing global warming. To complete this description of
the concept, Nelleman et al. [21] gives us another definition: "Out of all the biological carbon (or
green carbon) captured in the world, over half (55%) is captured by marine living organisms —not on
land— hence it is called Blue Carbon". In addition to these definitions, criteria have been defined to
determine whether an ecosystem is considered as a "blue carbon ecosystem" [37]].

The main blue carbon ecosystems are salt marshes, mangroves and seagrass meadows. Between
them, they account for 71% of the carbon recycling and storage in the oceans [21]], in other words,
these three ecosystems store 1,3.10° - 4,9.10% C.y !, i.e. roughly the same amount of carbon as
terrestrial forests annually (1,1.10° £ 0,8.10°t C.y~! [32]) but cover only 0.2% of the world’s sea
floor, or 3% of the surface area of these terrestrial forests [30]. In terms of storage, these three
ecosystems can respectively store 467.5 tC ha™! (1714 tCOy, ha™!) for mangroves, 393 tC ha—! for
salt marshes and 72 tC ha™! for seagrass meadows [38]. In other words, 1 ha of mangroves could
store the equivalent of CO, emitted by 330 passengers vehicles on average in the USA per year.
Mangroves are the best-known among the three ecosystems, but are also the ecosystems with the
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highest storage potential for a lower habitat area (Fig. [8). In order to address the uncertainties still
present in establishing the carbon balance of these ecosystems [39], and particularly for seagrass
meadows and salt marshes, it is important to focus on these ecosystems. In this master thesis, the
focus will be on seagrass meadows.

7.0 350
6.0 - 300
50 - 250
4.0 - 200
Carbon Total Area
Storage Pg C 1,000 km?
3.0 - 150
20 100
1.0 - 50
0.0 - 0
Mangroves Salt marshes Sea grasses
M Carbon W Area

Figure 8: Global carbon storage (PgC = 10°tC) and habitat area of mangroves, salt marshes and
seagrasses [38]]

1.4 Storage by seagrass meadows

Seagrasses are habitats made up of plant species adapted to marine life. These ecosystems are found
all over the world except in Antarctica, covering about 600.000 km? of the seabed. They are made
up of several species that differ from region to region, with a total of 72 species identified as part of
these seagrass meadows ecosystems [40]. These habitats are very different from other BC ecosys-
tems because of their carbon recycling mechanisms. They first capture CO in order to carry out
photosynthesis. In case of strong currents, these algae can detach from the seabed and be trans-
ported over long distances [41]]. If algal detritus arrive on the seabed then sedimentation can occur
and the carbon will be stored, it can remain there for decades to centuries before being remineralised
and return to the atmosphere [21]].

The residence time of this detritus depends mainly on the oxygen content of the seabed and the
particulate organic carbon (POC) fluxes. Residence time estimates are short when based on POC
fluxes (few years), while they tend to be longer when based on oxygen demand (until 100 years)
[42]. Before being sequestrated, the detritus spend can vary greatly (Fig. [9) and depends on the
species. This time can range from weeks for Halophila to roughly a year for Posidonia [43]. The
export of this detritus over varying distances makes seagrass meadows indispensable for certain
species and ecosystems that are sometimes far from the seagrass meadows. For example, debris can
reach areas with lower primary productivity or nutrient deficits such as in deep areas like canyons.
Exports then have a major role in balancing the nutrients in the ocean [41]]. In addition seagrass
detritus latter have a great potential in shelter numerous finfish and some crustacean larvae. Many
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other animals depend on these algae for food, such as turtles, sea urchins, dugongs and manatees
[41]]. The sequestration process has been shown to be important by analyzing the contribution of
this carbon via isotopic carbon ratio (C:N and §C*3 : C'2). It was deduced that some species are
highly dependent on this carbon export such as sea urchins and sea cucumbers [44]].
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Figure 9: Leaf longevity (days) in seagrasses, in brackets the number of observations [43]]

Another feature of these habitats is a mitigation potential of ocean acidification. Indeed, seagrass
meadows have the capacity to absorb dissolved CO; and not only CO, from the atmosphere like
salt marshes and mangroves. This has a positive effect on the pH, which increases in the vicinity of
seagrass meadows [[45]]. These ecosystems therefore have a huge impact both locally and globally.
The carbon sequestration rate by seagrass meadows varies by region. Latitude, but also the species
present, influence the sequestration dynamics [46]. Recycled or sequestered carbon can be organic
(POC) or inorganic (PIC), seagrass meadows store 5 times more PIC than POC. PIC stocks are there-
fore very high near these habitats. The geographical contribution to this stock is variable but the
Indian Ocean is one of the most productive regions for the contribution to the PIC stock, with an
estimated 7,14.10%t PIC ha™'[46]. The Seychelles therefore appears to be a suitable location for the
study of these ecosystems.

1.5 Blue carbon potential in Seychelles

Seychelles is an archipelago of 115 islands, of which Mahé is the largest, in the center of the Indian
Ocean (Fig. [47]. Seychelles exclusive economic zone (EEZ) is very impressive with 1,3.10°
km? [48], but in this study the focus will be on the Mahé plateau, with a surface area of roughly
40.000 km? [49]. Isolated from the rest of the world, these granite and coral islands allow a beautiful
biodiversity to proliferate on land and in the sea. Among the marine species, there are 330 species
of algae, 165 species of crustaceans, 500 species of molluscs and more than 27 species of cetaceans,
this list is obviously non-exhaustive [50]. This biodiversity has led the country to develop its strong
tourism sector [51], thus leading them to protect coastal waters. In 2018, the Seychelles government
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became the first to invest in blue bonds [52]. These are defined by the World Bank [53] as "a debt
instrument issued by governments, development banks or others to raise capital from impact investors

to finance marine and ocean-based projects that have positive environmental, economic and climate
benefits".
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Figure 10: Seychelles islands, Economic Exclusive Zone (EEZ) and bathymetry established by the
Marine Spatial Plan [54]

This strategy based on the protection of the ocean has led Seychelles to develop research on Blue
Carbon and especially on seagrass meadows. In 2015, the Seychelles Conservation and Climate
Adaptation Trust (SeyCCAT) was created and will lead to different policies in the protection of the
oceans [55]. In 2019, the government of Seychelles placed blue carbon in its nationally determined
contribution (NDC), including the protection of mangroves and seagrass meadows [56]]. To continue,
by 2030, Seychelles would like to protect 100% of its coastal wetlands. A survey to estimate the
carbon storage capacity of the Seychelles has recently been set up, aiming in particular to map the
seagrass meadows in the Seychelles [57]], in response to a lack of data. Comparing the blue carbon
potentials of Seychelles’ neighbours, the potential of Seychelles can be estimated between 0,15 and
3.10° tC.y ! [58]. In order to face this potential with the potential of a forested country like Brazil,
the latter has an estimated potential of 2.7.10° tC.y ! [59]. This attests to the power of the oceans for
carbon sequestration. However, there is still too little data on marine ecosystems especially in the
Seychelles. Currently, only four works contain data on blue carbon in the Seychelles, most of them
dating from the end of the 20*" century [60]. However, UNEP has a recent database of some seagrass

meadows sightings in the Seychelles [61]]. In addition, as part of the Marine Spatial Plan, a study
was carried out to estimate the probability of seagrass occurrence in the Seychelles (Fig. [54].
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These maps were based on satellite images and were not verified by field measurements. A more
comprehensive renewal of databases is welcome in the face of current environmental problems.
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Figure 11: Seychelles seagrass density maps established by the Marine Spatial Plan [54]]

1.6 Objectives

Blue carbon will play an important role to mitigate future global warming. It is therefore important
to quantify the carbon storage potential of marine ecosystems and particularly those found in small
island developing states such as Seychelles. With 1,3.10° km? exclusive economic zone (EEZ) [48]],
Seychelles has a significant carbon storage capacity that needs to be quantified. This study will try
to estimate a little part of this huge area, by quantifying the seagrass carbon exports of the Mahé
plateau. The driving question will be, how much do seagrass meadows could contribute to marine
carbon sequestration in the Seychelles?

In order to answer this question, the SLIM model will be used to simulate the currents and the
dispersion of the exports. An estimate of the current potential based on data confirmed by Dr. Jérome

Harlay (Univerity of Seychelles) and an estimate of the possible potential will be made. Particular
interest will be given to exports reaching the outer shelf. The latter have a greater impact on marine

carbon sequestration.
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2 Material and methods

This work is divided into two main parts: the hydrodynamic modelling of the area of interest and
the simulation of propagules exports from seagrass meadows. These two steps are carried out using
the finite-element Second-generation Louvain-la-Neuve Ice-ocean Model (SLIM).

2.1 Hydrodynamic modelling
2.1.1 SLIM model

SLI is a hydrodynamic model based on the Discontinuous Galerkin finite element method. It
solves the ocean circulation governing equations on an unstructured mesh, which allows users to
adapt the simulation resolution to several factors such as the distance to features of interest and the
bathymetry. The mesh can then have a finer resolution in specific areas and a coarser resolution
elsewhere. SLIM includes 3 different types of models: a 1D model river flows; a 2D barotropic model
for rather shallow areas (used in this work) and a 3D baroclinic model for the deep ocean. This
model can be adapted to a wide variety of areas and cover many hydrological ecosystems. After the
hydrodynamic modelling, it is possible to couple result with an Eulerian and Lagrangian model in
order to add a transport model or a particle tracker to simulate the transport and fate of sediments,
pollutants or seagrass fragments.

2.1.2 Definition of the studied area

The study area established for this work was defined such that open-ocean boundary corresponds
to the 400m isobath. The minimum bathymetry level was set to 3m to ensure having dry mesh at
low tide. The bathymetry that was used for the simulations (Fig. is based on two different data
sources.

Bathymetric data from GEBCOP| [62] were the first to be used. However, this bathymetry includes
a 700m deep area North of La Digue, which appears rather surprising on such a shallow plateau.
Bathymetry from ETOPO [63] was used for comparison (Fig. [13). In the absence of field data con-
firming the existence or otherwise of this oceanic trench, bathymetric single beam data, from NOAAE|
[64], was used to establish the most reliable bathymetry.

https://www.slim-ocean.be
3General Bathymetric Chart of the Oceans.
“National Oceanic and Atmospheric Administration.
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Figure 12: Bathymetry used for the simulations and the mesh generation
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Figure 13: Comparison between GEBCO and ETOPO bathymetry
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Looking at the RMSEP|and MAEf|(Tab. [1), the GEBCO bathymetry seems to be slightly more suitable
based on the single beam data. However, it is necessary to be critical of these statistics as it is
impossible to know the reliability of the observations. For the following, the bathymetry used (Fig.
is a mix between GEBCO for most of the area and ETOPO in the area north of Praslin and La
Digue.

Bathymetry | RMSE MAE
GEBCO 1092.34 m | 389.41 m
ETOPO 1097.54 m | 398.25 m

Table 1: Statistics of the two data sources (GEBCO and ETOPO) compared to the NOAA observations
dataset

It might seem odd to get an RMSE value of 1000m when the plateau is only about 100m deep on
average. This can be explained by a very steep gradient at the exit of the domain. The average error
values on the plateau are of the order of 20m while some values at the edge of the domain, close to
3500m, are high and deviate from the average (Fig. [14).
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Figure 14: Distribution of the mean absolute error for (a) ETOPO and (b) GEBCO

SRoot Mean Squared Error.
®Mean Absolute Error.
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2.1.3 Generate a mesh

The mesh resolution depends only on the distance from the coast. Along the coast (< 5km), the
minimum resolution is set to 140m and it increases to 4643m further away (Fig. [15).
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Figure 15: Mesh used for the simulations

2.1.4 Model equations

Here the two-dimensional version of SLIM is used. SLIM2D solves the depth-averaged Navier-Stokes
equations (shallow water equations) for the surface elevation 1 and the horizontal velocity u. These
equations assume that the water density is constant everywhere. The corresponding non-linear

equations are as follows:
on
— - (Hua) =0 3
Ou gllallu lu-VH] T 1
EqLu-Vu:—fezxu—gVn— i —Cy i -u+p—H+ﬁV-[Hu(Vu)] (4)
Where H = h + n is the depth of the water column; / is a reference depth level; f is the Coriolis

factor; e, is a unit vector pointing vertically upwards; 7 is the surface wind stress; g is the gravita-
tional acceleration; p is the water density; v is the horizontal viscosity; C is the Chezy bottom-stress
coefficient and Cj is the numerical slope stress coefficient (here, it has been set at 5). In this study

At = 900s. The results of SLIM are exported every hour.
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The Chezy bottom-stress coefficient is defined as the ratio between the depth of the water column
H and the Manning coefficient n which depends on the characteristics of the fluid:

H1/6
- n

C

®)

For this work, the Manning coefficient has been set up to 0.025 m~'/3s, which corresponds to a sandy
seabed [65]].

The surface wind stress is defined as function of the air density (p,;.), a drag coefficient (Cp) and the
wind speed (u19). It follows the theoretical formula found in Cushman-Roisin and Beckers (2006)
[66]]:

T = pairCDHulﬂ‘ |U10 (6)

The wind speed data are from the ERA5 (ECMWF Reanalysis 5" Generation) dataset released by
the ECMW and express the wind speed of the first 10 metres water column. The drag coefficient
Cp expresses the fact that stronger winds cause a rougher sea surface, and hence more drag (Smith
& Banke parametrization (1975) [67])):

CD:O()Ol(CY—f—BH’U,loH), (7)

where « and 3 are equal to 0.63 and 0.066 m~'s based on Geernaert, 1987 [68]. These parameters
are valid for wind speeds between 3 and 21 ms™!.
Finally, the last parameter to estimate is the viscosity v. For this parametrization, the Smagorinsky

equation was used [[69]]:

~ ou ov ou Ov
= (C, D)% [2(5=)2 +2(= )2+ (o + =)? 8
v=( >\/<ax>+<ay>+<ax+ay> ®
Where A is the local mesh element size; (x,y) are the Cartesian horizontal coordinates; (u, v) rep-

resent the depth-integrated velocity of the vector u; and Cj is the Smagorinsky coeflicient, here
estimated to 0.1 according to Lambrechts et al. (2008) [[70].

2.1.5 Model forcings

Three forcings are taken into account in addition to the above parameterisation to make the simula-
tion as realistic as possible. These are the tides, the wind and the large-scale currents. Variables such
as n and 3D Velocit come from the Copernicus Marine Environment Monitoring Service (CMEMS)
which provides these data with a 0.83° grid resolution. Surface data, wind and pressure dateﬂ are
from the ERA5 (ECMWF Reanalysis 5 Generation) dataset released by the ECMWF (cfr. section
[2.1.4). This last one has a spatial resolution of 30km. Finally, the tides data (tidal velocity and ele-
vation) are provided by the global tidal model TPXO9] a baroclinic model with a spatial resolution
of about 1/30°.

At the begining of the simulations, the velocity and sea surface elevation are set to 0. After a spin-up
of a few days, currents and elevation converge towards a dynamically-balanced solution. Here, the
spin up time was set to 2 weeks, so the hydrodynamics simulation starts on the 15" of December
2017, but the selected simulation starts on the 1 of January 2018.

"European Center for Medium-Range Weather Forecast
®https://resources.marine.copernicus.eu/product-detail /GLOBAL_ANALYSIS_F
ORECAST_PHY_001_024/INFORMATION
https://www.ecmwf.int/en/forecasts/datasets/reanalysis-datasets/era5
Yhttps://www.tpxo.net/global/tpxo9-atlas
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2.2 Seagrass detritus dispersal

The hydrodynamic simulation performed in the previous section can now be coupled with another
model for seagrass fragments dispersal. This step will be decisive in answering the research question,
i.e. estimate the fraction of seagrass propagules that leaves the shelf for long-term sequestration in
the deep ocean.

2.2.1 Seagrass data

As part of this work, data on seagrass occurrence areas in the Seychelles were provided by Dr. Jérome
Harlay (University of Seychelles). The simulations that will be carried out later will take these areas
as a starting point for the virtual particles. In order to verify these data, data from UNEP [71] were
used for comparison. In addition to these data, the focus of this work was also on potential areas
where seagrass meadows could grow. Seagrass meadows tend to develop in shallow areas, of depth
less than ~20m. In order to assess the maximum blue carbon potential of the Seychelles shelf these
areas were also considered by the particle tracker. They were defined on the basis of the bathymetry
used for the hydrodynamic simulation (cfr. [2.1.2). Fig. [16] shows all these data.
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Figure 16: Seagrass occurrence areas from the University of Seychelles and UNEP [71]] and seagrass
potential areas related to the isobath 20m

The areas where seagrass beds are found are mainly around the islands of Mahé, Praslin and La
Digue. These areas seem to be validated by UNEP observations [71]]. The zones of hypothetical
seagrass presence of are much more scattered on the plateau, there are some along the coasts but
also on the whole perimeter of the plateau. As these areas are hypothetical, there is no real way
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of verifying them. However, taking Fig. [11] of this report (cfr. section [L.5), the 20m isobath zones
shown in the figure above appears to be represented by a medium probability according to the
Marine Spatial Plan satellite data [54]. From a quantitative point of view, the UNEP data consists of
14 areas of seagrass meadows on the Seychelles plateau; the data from Dr. Jérome Harlay refers to
41 areas and finally the areas represented by the 20m isobath have 59 areas in total. This represented
surface areas of 4.92 km? for the observed patches and 466 km? for the hypothetical patches, i.e. a
total surface area of ~470 km? in the whole plateau.

2.2.2 Lagrangian particles tracker (LPT)

The passive transport of virtual particles over the plateau was modelled using a random walk for-
mulation of the 2D advection-diffusion equation. This was implemented following the works of
Dimou and Adams [72] and Thomas [73]. This methodology is discussed by Spagnol et al. [74]. The
random-walk particle-tracking scheme implemented in the LPT is defined as:

R,
Tpi1 = Ty, + v, At + —=V2KAt 9)
NG
With K
v, = (u+ EVH + VK)|z, (10)

where x,, and x, , are the particles positions at time iterations n and n + 1 respectively; At is
the time difference between iterations; K is the horizontal diffusivity coefficient; u = u(x, t) is the
instantaneous depth-averaged horizontal water velocity modeled with SLIM; H is the water column
depth and R, is a two-dimensional vector of random numbers with a mean of zero and a variance
ofr =< R* > (% is a vector of random r numbers with unit variance).

Equation@] can be broken down into two parts. On the one hand, a deterministic term: x,,,; = x, +
v, At with v,, expressed in[10] The parameters H and w are directly taken from the hydrodynamic
simulation performed in the section On the other hand, the last term of the equation [9]is a
stochastic term as this equation is called a random walk formulation. This represents the random
displacement due to subgrid scale turbulent process.

For this, the definition of the diffusivity coefficient K was made such as the de Brye et al. [75]],
inspired by Okubo [76].
K = aA"*[m?/s], (11)

where A is the local element size of the mesh and the « coefficient is calibrated for coastal waters in
the Great Barrier Reef by Andutta et al. [77]. For this work, the value taken for o will be the same,
i.e. 0.041 m%®s~!. There are other possible parameterisations for the diffusivity coefficient, but this
one stands out from the others because of its dependence on the mesh size.

2.2.3 Biological behavior

During the LPT simulations, seagrass particles are launched from each area defined in the section
The seagrass virtual propagule is transported passively by the currents and a fraction of the
wind speed. Here this fraction was set to 1.5%, with wind drag coefficient that has been set up. The
position at any time of these particles can then be calculated and the model shows the number of
particles that have left the shelf after the simulation. Particles are released every 3 hours with a
density of 50 particles per km?.
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Seagrass exports are therefore mainly regulated by current and wind speed. Once the virtual propag-
ule is exposed to the currents, its transport is primarily regulated by its lifespan and wind drag
coefficient. The latter defined as:

Ca= s = t, (12)

tls

where ;s is the lifespan for the seagrass fragment; ¢ is the simulation time and u,, is the wind
speed for which only 1.5% are taken into account for the particle speed. This parameter has the
effect of decreasing the effect of the wind on the particle as time passes, implying that the particle

decomposes slowly and is less and less affected by the wind.

The lifespan coefficient is defined by a constant based on Hemminga et al. [43] (cfr. [1.4). The
seagrass leaf longevity is on average 88.4 days, but it varies according to the species. During this
study, the lifespan coefficient was set to 70 days. This number represents 10 weeks of transport for
a particle, which is close to the average lifetime of Hemminga et al [43]. However, it was set this
way according to Stafford-Bell et al. [78] study that measured many characteristics of Z. muellieri
including its buyoncy and its evolution.
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Figure 17: Buyoncy of Zostera muelleri vegetative fragments over a ten-week period [78]]

Fig. shows the observations of this study. Initially all detritus floats at the surface until they
start to settle down. The leaves go through several stages during their transport. Based on these
observations, the LPT model takes into account 3 different transport stages for seagrass defined such
as:

1. Positively buoyant
This is the first stage for all particles, they are carried away by the currents and float on the sur-
face because they have not yet broken down. During this stage, the particles are transported
under the combined effect of currents and 1.5% of the wind velocity.

2. Negatively buoyant
The second stage appears as early as the second week of transport for 20% of the particles. It
represents the beginning of decomposition, the particles do not float very well anymore. They
are no longer on the surface and this is represented in the model by a transport only due to
currents. The wind has no effect as they are deeper in the water column.

3. No longer viable
The final stage for particles is a sedimentation stage. The seagrass propagule is so deep that
at some point it settles on the seabed and stops moving. At this point, the particles are not
subject to any force and stop moving.
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These three states through which seagrass exports pass as implemented in the model are shown in
Fig. The transition from one state to another has been copied from Fig. 17| and is represented
as a percentage. This means that after each week, a fraction of the particles from the "positively
buoyant” stage will change to the "negatively buoyant" stage and so on until they reach the "no
longer viable" stage.

1.0

HEE positively buoyant
negatively buoyant
HEEE no longer viable

6 8 10

0.8 1

0.6

0.4

0.2

0.0 -

weeks

Figure 18: Buyoncy state evolution of seagrass detritus as implemented in the LPT model

2.3 Indicators

In this section, the indicators used to estimate the fraction of exports that leave the plateau will be
detailed.

2.3.1 Model outputs

The LPT model used for the simulations returns the results as a CSV file and a shapefile. The latter
allows the calculation of the number of particles that left the plateau for each month of the year and
each meadow. From then on, using the QGIS program (a Glﬂ program), it is possible to produce a
colour map representing the rates exported by each seagrass meadow. It will be the first indicator
used for this study.

2.3.2 Duarte conversion factor

In order to quantify the blue carbon impact of Seychelles, it is necessary to convert the fraction
of virtual propagules exported from each meadow into an actual mass of carbon. This conversion
is based on the Duarte conversion factor [79]], which calculates the organic carbon content (OCC)
present in seagrass on a dry weight basis. The amount of carbon is then calculated such as:

OCC ~ 0.336DW, (13)

Geographic Information System.
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where DW is the dry weight of seagrass. This coefficient was calculated on the basis of several
studies [79] that analysed seagrass species in different regions of the world. This coefficient has
recently been validated for seagrass from Indonesia [80]]. It will be used to multiply the dry weight
of each of the simulated virtual propagules.

2.3.3 Theoretical estimations for the conversion

In order to calculate exported carbon flux, it is necessary to define some parameters and assumptions.
First, seagrass dry weight will be estimated in order to obtain the initial propagules carbon content
by using eq. Second, the frequency and rate of exports will be estimated and compared with
an estimated net primary productivity (NPP), which can be estimated on the basis of the meadows
surface area. These estimations will be used to identify the carbon weight of seagrass virtual particles
exports.

1. Dry weight
The dry weight of seagrass leaves is subject to strong seasonal variations. During the off-
season the leaves are smaller and have a DW of about 37 mg, whereas during the good season
the growth of the seagrass contributes to an increase in leaf weight (Fig. [19). Olesen et al. [81]
have estimate these biomass-density relationships for the seagrass species Zostera marina on
29 populations distributed between 30° and 56°N in different regions.

Winter n Summer n
Leaf biomass 31 32 245 40
(g DW m~3) (5-82) (111-391)
Total plant biomass 98 24 354 25
(g DW m~?) (19~170) (150-538)
Shoot density 604 24 905 32
(shoots m~?) (143-2069) (257-2193)
Mean shoot weight 37 24 273 32
(mg DW shoot 1) (16-188) (76-924)

Figure 19: Eelgrass leaf and total plant biomass, leaf shoot density and mean shoot weight of Zostera
marina at the winter minimum and the summer maximum. Value are given as the median and 10-
90% fractiles (in parentheses) of all populations examined [81]]

Seasonal variations are strong and are very different between species [82]. Here, the species
Zostera marina was considered as a reference. The growth period for southern hemisphere
seagrass starts in September, with the production of new stems and flowers, and ends in early
autumn (March) with a peak in production during December/January [83]. A confirmation
of this seasonal productivity has been made in New Zealand by Turner [84] for the species
Zostera capricorni.

For the conversion in terms of carbon, a linear regression was performed based on the dry
weight presented in Fig. As the peak biomass value (273 mg DW) refers to a leaf from
January while the lowest dry weight value (37 mg DW) refers to a leaf from July, the values for
the intermediate months are interpolated between these two extremes (cfr. table [2). For each
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month, the leaves will have a different dry weight and will contribute more or less to carbon
sequestration. The amount of virtual particles can then be expressed in terms of carbon while
taking into account seasonal variability.

. Exports rate

As the dry weight varies between seasons, the exports rate will vary proportionally. Fry et
al. [85] have quantified the export rate of the species Syringodium in Florida during May-
August (Fig. [20). These values tend to confirm the summer trend expressed in Fig. with
export rates in the range of 0.15-0.38 g DW.m 2. May-August period corresponds to summer
in Florida [86]]. Based on this data, the export rate will be set at 1 shootm™2.d~!, assuming
that the mass of exports per m? expressed in Fig. [20[is equal to the DW of one seagrass shoot
expressed in Fig. [19| This assumption makes it possible to add a notion of surface area to the

previously stated dry weight values. This is presented in Tab.

Site 1 Site 2a Site 2b Site 2¢ Site 2d
Dates sampled May-June May-June May-June May-June July-August
Area enclosed (m?) i 3.71 0.93 0.83 0.96 4.23
A. Leaf growth per shoot (cm day—!) 1.76 1.88 1.88 1.88 1.77
+0.07 (80) +0.11 (80) +0.03 (62)
B. Leaf length per shoot (cm) 42.6 71.3 71.3 713 774
+3.5 (116) +1.8 (99) +1.0 (150)
C. Turnover (% day '=A/B) 4.1 2.6 2.6 2.6 2.3
D. Leaf standing stock (g dry wt. m—2) 43.8 67.8 70.1 69.3 80.8
+17.6 (6)
E. Leaf production=C XD (g dry wt.
m~2day~!) 1.80 1.76 1.82 1.80 1.86
F. Leaf export (g dry wt. m~2day—')
Fresh green leaves 0.27 0.38 0.15 0.14 0.23
+0.02 (15) +0.06 (15) +0.03 (15) +0.02 (15) +0.06 (7)
Total 0.48 1.39 0.79 0.95 0.65
+0.03 (15) +0.22 (15) +0.07 (15) $0.09 (15) +0.12 (7)
G. % Export (F/E)
Fresh green leaves 15 22 8 8 12
Total 27 79 43 53 35

Figure 20: Calculation of leaf production (£ s.e.; n in parentheses) and percent export in Syringodium

meadows of Indian River Lagoon, Florida, May-August 1982 [85]

3. Net Primary Production

NPP values will be used to validate the carbon flux estimation. Indeed, quantification of sea-
grass fragments exports is often expressed in percentage of NPP. Duarte et al. [87] shows that
seagrass exports represents in average 20% of its NPP, but this quantity of exports can vary
ranging from 10% to 50%.

It’s estimated that seagrasses cover 6.10° km? of the global seafloor with an associated NPP
equivalent to 5.10% tC.y~! [88]]. In the Seychelles shelf, observed patches cover 4.92 km? and
hypothetical areas cover 466 km?, i.e. a total surface area of ~470 km?. Making the conver-
sion, Seychelles seagrasses NPP should be in the range of ~3,93.10° tC.y L.

However, as shoot dry weight, seagrass productivity is subject to seasonal variations [89]. Fry
et al. [85] observed that productivity was ranging from 0.5 in winter to 4 g DW.m 2.d"! in
summer. In the same way as for dry weight estimation, a linear interpolation was performed
between the two seasonal peaks to represent this annual variability. It’s presented in the Tab.
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4. Final calculation
Finally, the calculation made to convert the simulations into carbon flows is detailed below:

OCC = N % E % 0.336 x Ri (14)

S

where OCC' is the Organic Carbon Content in [gC]; N is the number of virtual seagrass
propagules; F is the export rate expressed in [g DW.m~2.d~!] and showed in the Tab. 2} 0.336
is the Duarte conversion factor explained in and expressed in [g C.g DW 1] and finally
R, is the seeding rate [particles.m™2.d"!]. As said in the section the LPT model releases
50 particles/km? every 3h. Rj is therefore defined to convert spawning rate of the model into
carbon mass units:

R, = 4.10 *[particles.m™2.d ] (15)

Here the number of days and surface area are not taken into account as the simulations were
carried out for each month of the year and each area, so the number of days and meadows
surface areas are indirectly included in the number of particles V.

Month |DW | E NPP
January 273 | 0,273 4
February | 233 | 0,233 | 3,42
March 194 | 0,194 | 2,83
April 155 | 0,155 | 2,25

May 115 | 0,115 | 1,67
June 76 | 0,076 | 1,08
July 37 10,037 | 0,5

August 76 0,076 | 1,08
September | 115 | 0,115 | 1,67
October 155 | 0,155 | 2,25
November | 194 | 0,194 | 2,83
December | 233 | 0,233 | 3,42

Table 2: Theoretical parameters used for the carbon conversion for each month calculated by linear
interpolation (DW = Dry Weight of one shoot [mg.shoot™!]; E = Estimated exports [g DW.m~2.d"!];
NPP = Net Primary Production [g DW.m—2.d~!])
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3 Results

This section will present the results obtained. First, the hydrodynamics results will be presented.
The quantification of seagrass exports will take place secondly.

3.1 Model validation
3.1.1 SLIM

In this work, the hydrodynamic simulation was carried out for a three year period (2018-20). A
validation of the simulations for currents and sea surface elevation was carried out with the help of
observations. Sea elevation observations come from the Space, Security and Migration Directorate
- JRC Ispra Sitelﬂ and ADCPE| current observations are from Seychelles Local Ocean Modeling and
Observations (SLOMO). Fig. 21| shows the geographical positions of these observation points.

53.2°E 53.9°E 54.6°E 55.3°E 56.0°E 56.7°E 57.4°E

4.2°S

4.9°S

EDS

5.6°S * SLOMO current 03§ervat|ons

* JRC elevation observations

[ Seychellesiislands
—— Seychelles shelf boundary

Background map: ESRI Ocean
6.3°S -

Figure 21: Validation data points: SLOMO data are used for currents validation and JRC data for sea
elevation validation

The validation for sea surface elevation is shown in Fig. [22] The simulated values are quite close to
the observed values, even in places where there may be a slight over- or underestimation. This figure
has been represented for 4 months for the sake of clarity. The validation for sea level maintains the
same trend for the following months, expressed by the mean RMSE for the year 2018:

RMSE4months =0.077m | RMSE2018mean =0.0758 m

2https://webcritech.jrc.ec.europa.eu/SealLevelsDb/Tools/Chart/?deviceld=92

13 Acoustic Doppler Current Profiler.
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Figure 22: Validation of the sea surface elevation simulated with observations from tide gauge WSL-
925-Seychelles-Pt. La Rue for a 4 months duration

On the other side, the validation plot for the currents velocity data is shown in Fig. 23] As presented,
there are two points with observations for currents in the Seychelles shelf but only the point East of
Mahé has recorded continuous data for the year 2018. Here, the validation shows the two data point
but afterwards, only the East of Mahe data point will be considered due to this lack of observations
(cfr. appendix [A] for validation of the North point).
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Figure 23: Currents magnitude validation with ADCP data from (a) the North data point (3°44°59.95”S
55°36’6.78E) (b) the East Mahe data point (4°40°’8.39”S 55°38°45.63”E)
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The simulated currents often overestimate the observed values, especially during the first four
months of the year (Fig. [23). The value of the RMSE highlights these differences:

RMSEspi8mean = 0.24m/s | RMSE, =0.16m/s | RMSE, = 0.36 m/s

Where RMSEqg18mean i related to the mean current magnitude over the whole year while RMSE,, and
RMSE, are referring to directional current magnitudes, longitude and latitude respectively. Fig.
illustrates these differences between SLIM and observations for the East point of Mahé. The hydro-
dynamic simulation over-estimates current amplitudes and this over-estimation is mostly present
in the North direction. Current directions are mainly oriented on the North-South axis. This trend
is also showed in the Fig.

(a) Current dirrections
N

(b)Current amplitudes

. SLIM
= Observations

EEm Observations
N SLIM

S 0.0 0.2 0.4 0.6 0.8 1.0
Current velocity amplitude [m/s]

Figure 24: Histograms of (a) the direction and (b) amplitudes of the currents comparing SLIM with
SLOMO observations for the year 2018 (East point of Mahé)

Fig. [25| shows different forcings related to currents velocities as quiver plots that indicate veloc-
ity directions, wind forcings in the 10 first meters of the water column and the Mercator currents
evolution.

The Mercator data come from the NEMO model [90] and are used in this case as boundary conditions.
They were also used to perform nudging, i.e. to force SLIM towards the Mercator currents in deeper
areas where the dynamic becomes baroclinic.

In view of this validation, the simulation for the sea surface elevation seems to be close to the
observations, while the speed and direction of the currents seem much less reliable: the directions of
the currents are very different as well as the speed norms which differ greatly between observations
and Mercator data. These currents data will greatly influence the particle tracker model for seagrass
meadows. It will be important to take this aspect into account during the discussion.
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(a) Observed currents velocity (ADCP)

(c) Wind evolution 10 mete
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Figure 25: (a) and (b): comparison between observed and simulated current velocity with SLIM; (c)
wind velocity at the same location and (d) simulated current velocity with NEMO

To ensure that the 2D modelling is adequate for the Mahé plateau, it must be ensured that the velocity
profile is constant over depth. Fig. [26| shows the velocity profile at the eastern observation point of
Mahé (SLOMO). The current magnitude appears to be constant over the first 30 metres. Considering
that the shelf is only 50m deep on average, the use of 2D seems to be justified.

|
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Current velocity (m/s)

Figure 26: Currents velocity profile (SLOMO East of Mahé observations) for the year 2018



3.1.2 Mercator forcing

Following the differences observed between the observed and simulated Mercator velocities (cfr.
Fig. [25), the use of these data could be discussed. To evaluate the impact of these data, used as deep
ocean boundary conditions, a 3-month simulation was performed without using the Mercator data

(Fig. [27).

(a) Observed currents velocity (SLOMO)

I

(b) Simulated currents velocity (SLIM)

0.50 4

0.25 A1

[m/s]

—0.251

—0.50 1

2018-01-08 2018-01-22 2018-02-05 2018-02-19 2018-03-05 2018-03-19

Figure 27: Quiver plots for the East observations point for a 3-month simulation without taking
Mercator as forcing

Fig. [28|shows the histograms of direction and amplitudes comparison between SLIM simulation and
observations.
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Figure 28: Histograms of (a) the direction and (b) amplitudes of the currents comparing SLIM without
Mercator and SLOMO observations for the 3-month period (East point of Mahé)

RMSE,  can = 0.13 m/s |  RMSE, =0.13 m/s |  RMSE, =0.19 m/s
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The simulated currents are very weak compared to the observed currents, there is a large underes-
timation (Fig. [28). In addition, the directions are much less reliable with random directions that are
not in agreement with the observations. There is no observed seasonal variation in the simulated
currents. Due to this underestimation, the RMSE takes smaller values (averaged on the 3-month
period) and are highlighted by the current directions and amplitudes comparison with observations

(Fig. [28).

Mercator have therefore a huge impact on the simulations. It allows the simulations to show marked
seasonal variations as well as higher current magnitudes, thus approaching natural values.

3.2 Seasonality of the atmospheric and oceanic circulation

The results of the hydrodynamic simulations will drive the dispersion of seagrass propagules. The
currents on the Seychelles plateau are influenced by two monsoon seasons: a northwest (NW) mon-
soon and a southeast (SE) monsoon [91]]. These two seasons usually last a little less than 6 months
with inter-seasonal months. The wind will follow an opposite trend and will also be detailed.

3.2.1 Southeast monsoon

The SE monsoon occurs during the austral winter from May to October [91]]. The global currents for
this period are shown in Fig. according to the Marine Spatial Plan [54]. Focusing on the Mahé
plateau, the currents are globally oriented towards the East with however some particular cases at
the East and West ends of the plateau.
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Figure 29: Seychelles ocean currents during the southeast monsoon [54]

The simulated currents on the plateau are shown in Fig. [30| and seem to reproduce this seasonal
pattern quite well. May is a transition month between the two monsoons, the currents directions
are quite variable. From June onwards, a tendency towards the west of the shelf is established with
currents directed towards the south of the shelf. July and August are the months of the seasonal
peak, with a clear trend towards higher current speeds at the extremities of the plateau. The trend
continues in September and October. Overall the current speed is quite low, rarely exceeding 0.5

m/s.

The trend for wind forcing is much clearer due to its resolution of 30km. Fig. [31|shows it for the sea-
sonal peak during the July-August period. The trend for these two months represents quite well the
general wind trend observed during the entire SE monsoon. Winds are blowing to the northwest, to
the opposite of the currents. Wind speed is in the range of 8-10 m/s, August being the month with
the strongest wind velocity.

The wind will influence, by 1.5% of its speed, the particles transport. This represents roughly 0.15
m/s for this season. It’s therefore important to know how and where it will influence virtual propag-
ules. During this season the wind will reduce the particles speed as it’s opposite from the currents
direction.
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Figure 30: Residual circulation simulated on the Mahé plateau averaged on a three-year period (2018-
2020) for the months of May to October
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Figure 31: Mean wind speed over three-year period (2018-2020) during seasonal SE monsoon peak
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3.2.2 Northwest monsoon

NW monsoon occurs during the austral summer, from November to April [91]. Again, the global
scale currents dynamic of this period is showed in the Fig.
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Figure 32: Seychelles ocean currents during the northwest monsoon [54]

The currents are quite different from the southeast monsoon. The ocean circulation of the plateau
is mostly northeastward from December to April. During this period the currents will tend to leave

the plateau from the north east (Fig. [32).

The simulated currents for this season represent quite well this trend (Fig. [33). The month of Novem-
ber is associated to a transition phase, the currents are very random, but the northeast tendency is
beginning in December and follow it until April. Current speeds are higher than during the SE mon-
soon with currents of up to 0.6-0.8 m/s during the January-March period. These months being the

seasonal peak.
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Figure 33: Residual circulation simulated on the Mahé plateau averaged on a three-year period (2018-
2020) for the months of November to April

In terms of winds, they vary much more than in the SE monsoon where they had a constant di-
rection. The winds tend to the same direction as the currents, and are oriented to the southeast
during the peak seasonal months (Fig. [34). The months of November and April are subject to strong
disturbances due to the change in the monsoon.

Winds will have a greater tendency to increase the speed of particles propagation during this season,
as wind and current directions are oriented towards the east. But the wind is weaker than in the
previous monsoon, here the maximum wind speed ranging until ~5 m/s.
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Figure 34: Mean wind speed over three-year period (2018-2020) during NW monsoon

3.3 Seagrass exports

This section will present the results obtained with the LPT model based on the hydrodynamic results
obtained above (cfr. 3.2). The results for the virtual particles will be presented, it will be interesting to
look at the seasonal variability of the particles arriving outside the plateau. Then a conversion will be
performed and the rate of carbon exported monthly and annually over the 3 years will be established.
In each step the results will be separated according to the areas studied (observed patches, 20m
isobath and total area).

3.3.1 LPT simulations

As said before the virtual particles are released every 3 hours with a density of 50 per km?. This
means that every month about 5.10° virtual propagules are released in total in the studied area (this
number varies with the number of days in the month). The variability is in the number of particles
that leave the plateau, this is expressed as the percentage of particles reaching outside.

Fig. [35/show the three-year average percentage particles leaving shelf evolution for the studied areas
during months. The chances of a particle leaving the plateau are quite high, ranging from 80 to 97%.
The difference between values from the 20m isobath and from the observed patches is high, this
is explained by the difference in localisation in the plateau. Indeed, 20m isobath areas are located
near the shelf boundaries, hence reducing the distance between the habitat and the deep ocean. The
observed patches are located near the islands of Mahé, Praslin and La Digue in the centre of the
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plateau, increasing the distance until the deep ocean compared to the hypothetical areas. Rates for
isobath areas are also higher on average. This is again due to the location of these habitats.
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Figure 35: Evolution of the export rate outside the plateau averaged for three-year period compared
for two habitats

In addition to these differences between habitats, it is interesting to see a seasonal variability that
seems to be common to the different habitats. Figure [35/shows that the largest values for the isobath
areas are also the largest values for the observed patches. July and December are associated with a
good export rate. The average rate for all habitats considered is very close to the rates observed for
the 20m isobath. This average is influenced by the higher rate of particles leaving the shelf for the
isobath as well as by the number of 20m isobath zones (59) compared to the number of zones for the

observed patches (41) (cfr. section[2.2.1).

Given these averages over the three years, export rates will be more variable and interesting for
observed patches. The evolution of these rates over the three years is shown in Fig. The vari-
ability is higher with rates ranging from 70 to 95%. A seasonal pattern emerges, with some months
exporting more than others and greater variability between months. For example, March and May
have a variability very small over the 3 years. Conversely, there are great down peaks for the months
of April 2019 and June 2018. But overall, the trends are roughly the same for all three years: when
the export rate goes down, it goes down for each year and when it goes up, it goes up for all. This
seasonality is important and will influence the carbon conversion for each month.

In order to look at the results from another angle, a colormap representing the export rates according
to the location of the meadows was made (Fig. [37). Unsurprisingly, the most exporting meadows are
those originating from the 20m isobath, as these areas are located quite close to the shelf boundary.
Their export ratio was evaluated at 90-100% for most of them, with some exceptions in the range of
80-90%. This rate decreases as one approaches the centre of the shelf and the islands. The island of
Mahé has a wide range of ratios, from 20% for its small areas, 70% for its coasts and 80% for an area
further from the coast. The islands of Praslin and La Digue have a very good ratio ranging from 80
to 100%.
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Figure 36: Evolution of the export rate outside the plateau for the observed patches
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3.3.2 Carbon potential

The results of the simulations were converted into organic carbon quantities using equation[14] Fig.
shows the evolution of these quantities as a function of the months for the observed patches.
Although there were interannual export variations during the LPT simulations, there are much less
after conversion. Indeed, there is an almost straight line trend, which is mainly due to seasonal
variations and to the linear interpolation performed on the leaf weight (cfr. Tab. [2).
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Figure 38: Evolution of carbon quantity export outside shelf for observed patches

In total, the seagrass meadows of the observed patches export 85,42 tC.y ! on average (cfr. Tab. .
This amount of carbon is distributed differently from month to month with January contributing the
most as it is the peak of meadows production. For the areas coming from the 20m isobath, meadows
export 7.994,38 tC.y L. It’s a huge difference compared to the observed patches, but it’s mainly due
to the difference in surface area of the two different habitats.

The NPP was estimated in order to have an additional comparison before checking the estimates
made. On average over the 3 years, it reaches 1.353,89 tC and 128.285,24 tC for the observed patches
and 20m isobath areas respectively (see Tab. [3). The fraction of carbon exported represents roughly
6% of this production.
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/ Observed patches Isobath 20m
Month | E[tC] NPP[tC] E/NPP | E[tC] NPP [tC] E/NPP
January 12,34 205,01 0,0602 | 1.187,29 19.425,05 0,0611
February 10,02 158,32 0,0633 940,88 15.001,15  0,0627
March 9,41 145,04 0,0649 | 841,78 13.743,22  0,0613

April 6,39 111,60 0,0572 | 640,66 10.574,12  0,0606
May 5,65 85,59 0,0660 | 506,10 8.109,96 0,0624
June 3,57 53,57 0,0667 | 322,45 5.075,58 0,0635
July 1,71 25,63 0,0668 | 165,57 2.428,13 0,0682
August 3,67 55,35 0,0664 | 338,82 5.244,76 0,0646
September | 4,87 82,83 0,0588 | 497,62 7.848,35 0,0634

October 7,59 115,32 0,0659 | 683,92 10.926,59  0,0626
November | 8,63 140,36 0,0615 | 817,94 13.299,89  0,0615
December | 11,56 175,28 0,0660 | 1.051,37 16.608,42  0,0633

TOTAL 85,42 1.353,89 / 7.994,38 128.285,24 /

Table 3: Quantities of carbon exported from the shelf averaged over the 3 years (E), NPP and ratio
of export rate to NPP (E/NPP) for observed patches and 20m isobath areas
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4 Discussion

The results of the study show that seagrass meadows on the Seychelles plateau contribute to 6% of
their NPP to marine carbone sequestration. This represents 8,1.10% tC.y ! on average for the 3-year
simulation for all habitats. However, this exported quantity is subject to variations due to changes
in the oceanic and atmospheric circulation but also to the location of the meadows. The majority of
meadows have a ratio of exported particles outside of the plateau to released particles above 80% but
this number varies according to the location of the meadows, which may be more or less favourable
to the currents. Another important factor contributing to the variability of exports is seasonality.
The Seychelles is subject to two monsoons which are characterised by two seasonal peaks (in july
and in january). Seagrass exports vary between these two extremes. Smaller variations are observed
between the same months over the 3 years as well as between months within the same year.

The export rate is often expressed as a percentage of the primary production of marine ecosystems
in the literature. This study suggests that the Seychelles seagrasses export 6% of their NPP. Duarte
et al. (2017) [92], based on worldwide observations, have estimated that seagrasses export 24,3% of
their NPP. There seems to be a big difference between the two but it should be kept in mind that for
this study an export means that the seagrass propagule has left its original location. In the context
of this work, the amount exported represents the fraction of particles that leaves the plateau and
hence reaches the deep ocean. There is thus a difference in distance between the observations in
the literature and the estimate made in this work. The particles simulated by the LPT model have
to travel approximately 50-190km from Mahé island to leave the shelf and reach the deep ocean. If
the Seychelles seagrass meadows export 24,3% of their NPP out of their original position, this means
that about a quarter (6% of the 24,3%) of these exports goes directly to the deep ocean. This is quite
promising.

Focusing on the georeferencing of the seagrass meadows in the plateau, results show a large het-
erogeneity between their respective export rate (Fig. [37). The export rate here is defined as the ratio
of number of particles exported off the shelf to the total number particles released. It can range
from 6% for small areas near islands to 80% for the majority meadows we considered. This large
difference is due to the meadows location and oceanic circulation at those locations. This spatial
variability is much less marked for the 20m isobath areas due to the much smaller distance from the
shelf boundary. In addition to it, there is also a temporal variability played by oceanic and atmo-
spheric circulations. Again, this heterogeneity is less distinct for the 20m isobath habitat (Fig. [35).
For the observed patches, there is a clear trend with some months of the year during which exports
are systematically larger during the 3-year period (Fig. [36).

Converted into carbon quantities, our results suggest that Seychelles seagrass meadows export
8,1.10° tC.y ! (Tab. . When we distinguish the observed meadows and those that are hypotheti-
cal, we obtain 85,42 tC.y ! for the observed patches and 7,99.10° tC.y_1 for the 20m isobath areas.
This difference is explained mainly by the distance to the deep ocean and the surface areas covered.
Converting the observations of Duarte (2017) [93] for the same surface area, carbon export quanti-
ties of seagrasses range from 1,1.10% to 5,14.10* tC.y~!. The estimation of this study seems slightly
under the Duarte estimation but it remains very close to it. It’s again important to remember that
the Duarte estimation focus on seagrass fragments that leave the place and not the plateau. To put
these values in perspective, Duarte also estimated the export rate of mangroves, an other BC ecosys-
tem. The latter covers 29 km? in Seychelles [94]. The corresponding export quantity is evaluate to
range between 2,96.10% and 9,31.10% tC.y . There appear to be no salt marshes on the Seychelles
plateau according to UNEP [95]], making mangroves and seagrasses the two main BC ecosystems
in the region. Based on exports, the seagrasses of the plateau would then have a greater potential
than the mangroves, contributing to 47-73% of the total carbon exported from BC ecosystems, only
considering seagrass meadows on the plateau. Always bearing in mind that the mangroves cover a
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smaller area in the region.

In other words, considering that all the carbon exported is sequestered in the deep ocean, the carbon
sequestration from all the seagrass meadows on the plateau could offset the CO,, emissions of 1505
Seychellois, i.e. representing 1,6% of the total Seychelles emissions. The mean annual emissions per
capita is set to 5,38 tCOx in this region [96] and the population of the Seychelles is 96.762 [96]. This
may not seem like much, but the Seychelles plateau represents only 3% of its EEZ (cfr. section [L.5).
On the international carbon market, a tonne of carbon can be sold for €82,35 in Europe, $35,25 in
Australia or $11,50 in South Korea [97]]. These amounts vary greatly and depend strongly on local
policies. Currently, the Seychelles have not yet entered the Emission Trading System (ETS) [98], but
if they decide to do so, their seagrass exports could contribute to a cheque for €405.000 if we take into
account an average of €50 per tonne of carbon considering the above-mentioned amounts. On this
scale it already looks much more interesting and could be very promising in the context of the Blue
Economy objective named "Securing healthy, resilient and productive oceans through the valuation
of the coastal and marine ecosystems; oceans, climate resilience and adaptation"” [96]]. This results
demonstrate the potential of BC ecosystems and especially seagrass meadows. It can be applied
everywhere where there are seagrasses, i.e. in all continents except Antartica and Blue Economy
can therefore be a huge lever of action against climate change. Countries with large EEZs such as
France, the United States or Australia could have a real impact on this environmental crisis.

The results exposed in this study have limitations. First, an important assumption, for the hydro-
dynamic part, was that the current velocities were constant along the entire water column. This
resulted in the use of 2D SLIM. To discuss it, a velocity profile has been established for an observa-
tion point in the plateau (Fig. [26). A second point to clarify is the use of the forcing between the
outer shelf and deep areas and the inner shelf where 2D was used. This transition was made using
Mercator data and this impact was presented in the Fig. [27/and 28] In order to improve the results,
the use of Mercator data could be changed and different boundary conditions could be found. If
the results represent the global dynamics well, each of the simulations carried out overestimates or
underestimates the speed of the currents. However, the directions are better represented with Mer-
cator. Despite the fact that Mercator data are regularly updated, there is no data verification for the
Seychelles region. It has also been shown that the model is more often wrong at mid-latitudes and
at the equator [99]], location of the studied area. Nevertheless, the SLIM2D model represents quite
well the dynamics of the ocean circulation on the Mahé Plateau compared to observations. With
more accurate data this model could be maybe more efficient but constitute a good basis for further
studies.

The virtual particles simulations were performed with a Lagrangian particle transport model. These
simulations were carried out for every month of the year during 3 years, i.e. 36 simulations. The
number of simulations ensures the robustness of the results, however only one year (2018) was val-
idated with hydrodynamic observations. Taking into account a longer period of time could provide
greater representativeness of the variability of currents. It could be interesting to look at the ex-
port rate for a year disturbed by an extreme event such as a tropical cyclone or a more extreme
monsoon. The temporality of the parameters could also be subject to more robustness. Indeed, the
lifetime parameter used in the transport model is defined on the basis of an average between several
species and set at 70 days. On the one hand, this lifetime should be subject to variability and on
the other hand, as the simulations are performed every month (~30 days), the simulations never
reach 70 days. The lifetime effect is therefore not represented in this model. In future work, it would
be interesting to define a species-specific lifetime or a lifetime subject to more variability in order
to obtain a representation closer to reality by including both inter-monthly variations and a more
relevant lifetime.

For the seagrass propagules modelling, the first assumption that has been made is the selection of
parameters. For this work, no particular seagrass species was selected. The buoyancy parameters
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were observed for the species Zostera muelleri; the leaf life time was estimated based on an average
of several seagrass species; the dry weight parameters were defined on the species Zostera marina
and finally the daily export rates were based on the species Syringodium. These data were also used
due to the lack of data on the Seychelles plateau. In the Western Indian Ocean (WIO), there are
four main seagrass genera: Hydrocharytaceae (5 species), Zosteraceae (1 species), Cymodoceaceae (5
species) and Ruppiaceae (1 species) [100]. The biological traits of seagrass species are quite variable
[101]] and therefore impact the results. In order to improve the results, species-specific parameters
could be defined. The model could also be improved. Currently the model only disperses particles
that appear at a defined time step. A more specific development could also calculate the number of
particles that leave their original patch in order to have a better comparison with the literature or
include a fraction of particles that settle directly at the foot of the seagrass meadows in order to have
an estimate of the carbon burial. The latter being a fraction of carbon storage that is not negligible
depending on the species and region. But to establish this more specific model, more precise local
biological and physical characteristics are required.

As this master thesis is one of the first modelling studies about seagrass meadows in the plateau,
there is no clear estimation for the marine carbon sequestration. The only resource is the other
studies, sometimes in very different places. One of the limitations is the spatial variability of sea-
grass meadows and the large differences between two estimates due to uncertainties about the area
covered by seagrass in the world. Indeed, the surface area used in seagrass studies can range from
0,15.10% [102]], defined as lower limit, to 4,32.10° km? [103], upper limit. The estimates of NPP and
productivity are based on areas that can vary by a factor of 10, so it is difficult to compare the results
calculated. There is therefore large opportunities to improve this estimation by future studies as the
lack of data is the most important limitation in this calculus. But with new studies and observations
available, the non-specificity of the results by not selecting a particular species could be resolved.
Focusing on one or more species could have a more significant impact on this calculation, especially
for local species. The knowledge of seagrass species in detail could allow the consideration of new
parameters such as carbon burial amounts or physical characteristics such as habitat depths or more
precise soil criteria. Here, only depth was taken into account to define the areas of hypothetical sea-
grass presence. However, it would be interesting to compare the results of this work with future
estimates for local species in order to have more distance and robustness towards the latter.

For future perspectives and in order to improve these results, it would be interesting to make a
more precise habitat map by surveying the species present on the Seychelles plateau. A project
is currently underway and it will be interesting to re-estimate the fraction of carbon exported by
taking into account the new habitats identified. In this work only 4 km? have been considered and
these are close to the islands, so easily identifiable, but the potential for further confirmed areas is
enormous given all the suitable areas on the shelf (~466 km?).
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5 Conclusion

In recent years, there has been a great deal of work assessing the current environmental crisis.
Among all these reports, a new concept has emerged: Blue Carbon. Indeed, scientific and techno-
logical progress has made it increasingly clear that marine ecosystems can be used as a lever to
mitigate climate change. Seagrass meadows are one of these ecosystems that effectively act as a car-
bon sink, either locally through burial or further away through fragments export to the deep ocean.
It’s therefore important to quantify these different carbon sinks. This study tried to improve this
knowledge by focusing on the seagrass meadows of the Seychelles plateau, with as goal to estimate
the fraction of seagrass propagules that leave the shelf for the deep ocean where they can settle
down to more than 1000m depth where their carbon will be sequestrated for hundreds of years.

The first step to estimate the dispersal of the seagrass fragments is to simulate oceanic circulation
on the plateau. SLIM2D model has been used to do this during a 3-year period (2018-20). The 2D
modelling was chosen because of the shallow depth of the plateau (~50m). Simulations are based
on an unstructured mesh which allows local mesh refinements in areas of interest while keeping
a coarser resolution where the dynamics is smoother. A LPT model was then used based on the
hydrodynamic outputs of SLIM to simulate the dispersion of propagules. This model was imple-
mented in such a way that it takes into account an average life span for seagrass fragments and
the evolution of their buoyancy in the water column. These parameters were defined on the basis
of observations. LPT simulations were carried out for each month for 3 years (2018-20) in order to
represent the seasonal variability and to have robust results. The outputs of the LPT simulations
have been used to calculate the number of virtual particles that have leaved the shelf as well as the
number of total particles that have been released. In order to express the results in terms of a mass
of carbon, a conversion has been made based on Duarte conversion factor which allows to convert
DW into carbon content. Based on literature, an estimation of the NPP of the different habitats was
calculated to compare exports to seagrass production.

This modelling approach allows to give an answer to the research question exposed in the beginning
of this study:

How much do seagrass meadows could contribute to marine carbon seques-
tration in the Seychelles?

Results suggest that seagrass meadows of the Seychelles plateau contribute by roughly 6% of their
NPP to marine carbon sequestration. This value represents the rate of seagrass fragments that end
up off the shelf on average each month. This means that 6% of the seagrass NPP can potentially
contribute to this sequestration. There is no difference in this aspect between the observed patches
and the areas of hypothetical seagrass presence.

The main difference between the different habitats is the ratio of the number of particles exported
to the number of particles released by the meadow in question. This ratio can vary from ~0.06 for
some very small meadows close to the islands where export seems difficult to achieve to ~0.99 for
large hypothetical areas at the edge of the shelf. However, the majority of meadows have a ratio
above 0.8 with differences depending on their location.

These ratio highlight the seagrass power and geographical variations. But seasonality has also an
impact on the export flux. Indeed, wind and currents drive the seagrass propagules transport and
therefore generate a temporal heterogeneity. Considering the ratio number of particles outside shelf
versus total particles released, as exposed in the previous paragraph, this ratio range from 0.7 for
April 2019 to 0.95 for January 2020 only taking into account the observed patches. These monthly
variations are much less pronounced for the hypothetical areas.
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Converting these ratios into carbon quantities, with the data used, seagrass would export 8,1.10°
tC.y~! on average for the 3 years and habitats combined. This amount is distributed between the
observed patches and the hypothetical areas at 85,42 and 7.994,38 tC.y ! respectively. But as ex-
plained in the discussion, many assumptions and approximations have been made and it will be
more interesting to retain that 6% of the NPP of the Seychelles plateau seagrasses can contribute
to marine carbon sequestration. This ratio can more easily be confronted with future studies that
could take place with more data available such as a map of seagrass habitats or specific biological
and physical characteristics.

Seychelles seagrasses have a great potential to sequester carbon. There are few studies that provide
data on these ecosystems for the Seychelles. However, these results are quite promising in the
perspective of the Blue Economy developed by the Seychelles government.
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Investigating the contribution of Seychelles’ seagrass
meadows to marine carbon sequestration

Douchan Hanuise

The oceans are a key component of the climate system. They cover about
72% of the Earth’s surface and have already absorbed about 40% of the
carbon that was emitted by human activities since the 19" century. Coastal
ecosystems, such as seagrass meadows and mangroves, play a particular
role in this blue carbon budget. They have the potential to capture carbon and
to store it in deep reservoirs where it will remain for hundreds of years. This
carbon sequestration potential remains however poorly understood and
unquantified for most coastal ecosystems in the World. Here, we try to
estimate the carbon sequestration potential of seagrass meadows on the
Seychelles plateau. Seychelles has been developing extensively its blue
economy and is keen to estimate the carbon offsetting capacity of its marine
ecosystem. We develop a high-resolution ocean circulation model of
Seychelles plateau and simulate ocean currents over 3-year period (2018-
2020). These currents are then used to simulate the transport of virtual
seagrass fragments from the different confirmed and potential meadows
present on the plateau. Our results suggest that most of the seagrass
meadows export a large fraction (>80%) of their fragments outside of the
plateau, where the carbon contained in the fragments can settle to >1000m
depth. We estimate that ~6% of Seychelles seagrass meadows net primary
production could be sequestrated in the deep ocean. This corresponds to ~85
tC/yr for confirmed meadows and ~7994 tC/yr for potential meadows. These
estimates should help Seychelles quantify its global contribution toward net-
zero emissions, as envisaged by the Paris Agreement on climate change.
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