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Executive Summary

Mangrove forests play an important role in climate change mitigation and adaptation,
globally recognised as ‘Natural Climate Solutions’ (NCS). The protection and restoration of
mangrove ecosystems are especially important to Small Island Developing States, like
Seychelles, due to their vulnerability to the impacts of climate change, such as sea level
rise and tropical cyclones. Therefore, it is crucial that countries like Seychelles develop
baseline Information on the status of their mangrove forests to guide conservation and
management actions. In this study, we conducted a fieldwork campaign to collect local
scale data on plant (i.e., aboveground and belowground) and soil carbon for representative
mangrove forests in the inner and outer islands of Seychelles. Furthermore, we used this
data to develop, for the first time, a blue carbon assessment for Seychelles’ mangrove
ecosystems. Seychelles’ mangrove forests extend throughout 2,195 ha across the inner
and outer islands, with Aldabra alone being home to ~80% of this total. Despite the limited
distribution of mangroves within the country, these ecosystems are storing 2.5 million
tonnes CO.e (or 688,091 tonnes of organic carbon). Furthermore, we estimated that
mangroves in Seychelles store an average of 313.48 tonnes of carbon per hectare, with
70% of their total carbon stocks stored in their soils. Due to its larger extent, Aldabra holds
the highest total carbon stocks, accounting for 67% of Seychelles’ mangrove stocks.
Seychelles protects ~84% of its current mangrove extent including the Aldabra Atoll, a
UNESCO World Heritage and Ramsar site, and Port Launay, a Ramsar site. The current
extent of total mangrove forests across Seychelles is sequestering an additional 14,017
tonnes of CO,e annually, equivalent to ~3% of Seychelle's annual CO, emissions. The
outcomes of this study demonstrate the important climate mitigation potential of
Seychelle’'s mangrove forests and the important role they play in supporting Seychelles to
achieve its Nationally Determined Contributions commitments.
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Aboveground
biomass

Aboveground
carbon
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equations/models
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biomass
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Carbon dioxide
equivalent

Carbon:Nitrogen
Elemental
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Diameter at
breast height

Greenhouse
gases

Ministry of
Agriculture,
Climate Change
and Environment
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AGB

AGC

BGB

BGC

CO.e

CN
analyser

DBH

GHG

MACCE

Biomass contained within the plant’s living
leaves, branches, stems or aerial shoots. Values
usually reported in ton DW ha™for mangroves
and g DW m?for seagrasses.

Organic carbon stored within the plant’'s AGB.
Values reported in ton C ha™.

Models for mangrove species are usually based
on tree height, diameter at breast height (DBH).
Equations can be species- or site-specific.

Biomass contained within the plant’s living roots
and rhizomes. May include necromass (litter or
any detrital materials). Values usually reported
inton DW ha*for mangroves and g DW m?for
Seagrasses.

Organic carbon stored within plant’'s BGB.
Values reported in ton C ha.

Carbon captured and stored by marine and
coastal ecosystems.

Unit of measurement used to standardise the
climate effects of various greenhouse gases.
The conversion factor 3.67 is used for organic
carbon, which represents the molecular weight
ratio between CO, and C.

A lab instrument used to measure carbon and
nitrogen elemental concentrations in a given
sample (such as soil)

Forestry measure in which the diameter of the
tree trunkis recorded at 137 cm from the
ground. Values reported in cm and often used in
allometric equations.

Gases that absorb and emit radiant energy
within the thermal infrared range, which can
cause the greenhouse effect [e.g., carbon
dioxide (CO,), methane (CH.), nitrous oxide
(N20)]

The Seychelles’ MACCE is dedicated to
enforcing environmental legislation, as well as
developing, implementing and monitoring
various environmental policies.
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Nationally
Determined
Contributions

National
Greenhouse Gas
Inventory

Seychelles’
Marine Spatial
Plan

Seychelles
Agricultural
Agency Soil and
Plant Diagnostic
Laboratory

Soil organic
carbon

Soil organic
matter

Standard Error

Third South West
Indian Ocean
Fisheries
Governance and
Shared Growth
Project
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NDCs

NGGI

SMSP

SAA Lab

SOC

SOM

SE

SWIOFish3

Emission reductions commitments that
countries need to submit to the United Nations
Framework Convention on Climate Change
(UNFCCC) under the Paris Agreement.

The NGGI Is an Inventory submitted to the
United Nations In accordance with the
Framework Convention on Climate Change. The
gases Included in the Inventory are carbon
dioxide, methane, nitrous oxide,
hydrofluorocarbons, perfluorocarbons, sulphur
hexafluoride, and nitrogen trifluoride.

Seychelles’ Marine Spatial Plan; with further
information available at https://seymsp.com/.

Laboratory used to process the samples taken
during this project.

Organic carbon stored within the soil/sediment.
Values reported in ton C ha™. SOC is usually
reported down to a specific depth (e.g., 100 cm
depth).

Organic matter is any living or dead animal and
plant material.

Standard deviation of its sampling distribution
or an estimate of that standard deviation

This work was funded by the World Bank
through the Third South West Indian Ocean
Fisheries Governance and Shared Growth
Project. SWIOFish is a long-term regional
program of the World Bank that aims to
increase the economic, social and
environmental benefits for the countries of the
South West Indian Ocean from sustainable
marine fisheries
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Introduction

Tropical mangrove forests are an important natural climate solution.
They help communities mitigate carbon emissions and adapt to the

impacts of climate change.

Mangrove forests for climate mitigation and adaptation

Mangroves are extraordinary coastal forests located in the tropics and subtropics. They
have special adaptations to thrive in tidal environments (saline or brackish) where they
provide a multitude of ecosystem services helping us mitigate and adapt to the impacts of
climate change (Atwood et al. 2017, Himes-Cornell et al. 2018b, 201843, Friess et al. 2020).
Globally, mangroves have been declining rapidly over the last century, mainly due to the
increase of anthropogenic pressures (e.g., overexploitation, land-use change, pollution)
(Duarte et al. 2020, Goldberg et al. 2020). However, in recent years, blue carbon
ecosystems such as mangroves, have started to gain international attention due to their
ability to help adapt and mitigate climate change (Mcleod et al. 2011, Duarte et al. 2013,
Macreadie et al. 2021).

Recognised as one of the world’s most effective carbon sinks, mangrove forests are
capable of capturing and storing large amounts of carbon in the soils over millenary
timescales. In contrast to terrestrial ecosystems, mangrove forests have complex root
structures, high sedimentation rates, waterlogged conditions, and anoxic soils that can
result in up to 40-times faster carbon sequestration rates and thousand times slower
carbon decomposition rates (Mcleod et al. 2011, Atwood et al. 2017). A single hectare of
mangrove forest can store on average 386 tonnes of carbon (IPCC 2014) and potentially
sequester annually an additional 1.74 tonnes per hectare (Alongi 2014). By sequestering
and locking important amounts of carbon in the soil for long-time scales, mangrove forests

help reduce carbon emissions driving climate change.
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In addition, mangrove forests can help local communities adapt to the impacts of climate
change. With their complex root system, mangroves prevent soil erosion and protect the
coastline against extreme weather events and sea level rise (Arkema et al. 2013, 2015).
They also sustain wildlife biodiversity by providing habitat, nursery grounds and food to
thousands of species and enhance local livelihoods, revenues and food security by
boosting fisheries stocks and providing eco-tourism opportunities (Barbier et al. 2011,
Himes-Cornell et al. 2018b, 20183, Friess et al. 2020).

Mangroves in Seychelles

Seychelles’ mangrove forests are comprised of up to eight species and cover
approximately 2,195 ha (Walton et al. 2019, Smith et al. 2020, Constance et al. 2021).
Although almost 80% of the mangroves are located in the Aldabra Atoll (1,720 ha; Walton
et al. 2019), important mangrove stands are also present across the Seychelles including

in Cosmoledo Atoll and Mahé’s Port Launay.

Most of Seychelles’ mangroves are governed and protected through international treaties
to which Seychelles is a party (mainly the Ramsar Convention via the Ramsar sites Aldabra
Atoll and Port Launay) and national legislation such as the Environmental Protection Act
2016 and the Physical Planning Act 2021. Seychelles lacks specific policies and plans
pertaining to mangrove ecosystems. However, under the blanket definition of ‘Wetlands’
they areincreasingly being incorporated into national documents (e.g., Seychelles Wetland
Policy and Action Plan 2019- 2022). Seychelles’ updated NDC (GoS 2021) explicitly aims to
safeguard the carbon sink capacity of mangrove forests as a strategy for climate change

mitigation and adaptation.

A recent literature review exploring Seychelles’ mangrove literature (Palacios et al. 2021a),
revealed that most of Seychelles’ mangrove studies qualitatively describe the forest
structure and composition (Macnae et al. 1971, Henriette 2015), but rarely include
quantitative datasets of the plant carbon pool (e.g., via forestry measures such as tree DBH
and height; see Constance 2016 for an exception) or the soil carbon pool (e.g., SOM%,
SOC%; see exceptions in Nourice (2015b, 20153, 2016) and Constance (2022). It is also

noted that, little research has been published or peer-reviewed.
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Baseline information on the status of mangrove forests is essential for conservation,
management, and restoration. The objective of this study was to conduct a field campaign
to collect local scale data on plant (aboveground and belowground) and soil carbon for
representative mangrove forestsin the inner and outer islands of Seychelles. Furthermore,

we used this data to develop for the first time a blue carbon assessment for mangrove
ecosystems in Seychelles.

Blue carbon assessment for mangrove systems 15






Methods

Experimental design & sampling sites

Mangrove carbon stocks were surveyed at 27 different sites across Seychelles (Table 1
and Figure 1). Twenty of the sites were located within the inner granitic islands (Mahg,
Praslin, La Digue, Curieuse and Silhouette), while the 7 remaining sites were in the outer
islands of Aldabra Atoll and Cosmoledo Atoll. The sampling locations were selected based
on the existing knowledge of mangrove distribution in Seychelles (Figure 1). From the
original sites selected for the field campaign, two sites (i.e., Baie Lazar and North Island)
were not sampled due to mangrove forests not being present. Therefore, we included

additional sites in Anse a La Mouche, Grand Anse, and La Digue.

At each mangrove site, transects not exceeding 100 m were set up running from the
seaward edge towards the landward edge of the mangrove forest. Sampling plots were
established at the 10 m and 40 m intervals along each transect. The length of the transect
was determined by the size of the mangrove forest and accessibility, with one-third of the
sampling plots located at ‘high’ elevation, one-third at ‘mid’ elevation, and one-third
at ‘low’ elevation, to reduce spatial heterogeneity within each site (Howard et al. 2014).
Most of the sampling effort (humber of plots sampled and soil cores collected) was
directed in Aldabra Atoll (Table 1), where almost 80% of Seychelles mangrove forests are
located. At each plot, we surveyed mangrove trees and collected soil cores to estimate
plant and soil carbon stocks (details in sections below). We additionally recorded GPS
coordinates, took ground elevation using a total station (Topcon, Model GTS1002; Liyan et

al. 2018), and noted a qualitative description of the site.
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Table 1: Sampling design for mangrove forests in Seychelles. The mangrove cover for each
island is displayed in parenthesis and estimated according to Walton et al. (2019) and Smith
etal. (2020). *Sites that included replicated cores.

O 8 d 8
Inner Islands (2.97 km?)
Mahé (1.81 km?)
948529450 | 32321148
1 Port Launay 948527172 | 323086.77 2 2
9476517.70 | 33273531
947656193 | 332762.38
2 Anse La Moushe 947658440 | 33279155 4 4
947661507 | 332809.03
948229041 | 328586.04
3 Avani 948226650 | 328636.97 3 3
948223710 | 32868136
9486273.81 | 32084888
948629213 | 32084331
4 Cap Ternay 948632035 | 320839.34 4 4
9486487.56 | 32084963
9485110.02 | 32345577
. 948484723 | 32286242
5 Ephelia Port Glaud 948488358 | 322936.90 4 4
9484902.94 | 32296576
947991256 | 33095860
6 Anse Boileau 947992716 | 33093226 3 3
947993442 | 330893.74
947564918 | 335406.65
7 Anse Royale 9475764.24 335323.54 3 3
947572995 | 335232.67
9482686.79 | 32810327
8 Grand Anse 948272117 | 328070.50 3 3
9482772.02 | 328016.07
948298947 | 335853.66
9 Point Larue 948296921 | 33589524 3 3
948292099 | 335935.58
9485730.31 | 33144164
10 Providence 9485719.46 33142158 3 3
9485719.46 | 33140164
9479764.46 | 330565.70
1 Petit Barbaron 947979326 | 33056105 3 3
9479803.87 | 330500.07
Sub-total 35 35
Praslin (0.68 km?)
952227570 | 36257175
12 Anse Gouvernman 952224451 362541.85 3 3
952220899 | 362519.52
952107846 | 36219316
13 Cap Samy 9521086.26 | 362168.48 3 3

Blue carbon assessment for mangrove systems
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9521089.07 362133.42
9519086.65 359911.50
14 Consolation 9519109.26 359867.58 3 3
951911140 359820.41
9520617.55 358254.81
Grand Anse 952064216 358278.37 3 3
9520685.61 358240.66
La Digue (0.23 km?)
952007496 | 370309.34
16 Anse Severe 9520114.42 | 370297.45 2 2
9517021.05 369862.42
, 9517030.36 369918.31
17 Anse Source D’argent 951705178 369958.90 4 4
9517073.05 370007.77
Curieuse Island (0.11 km?)
9526232.66 358778.49
9526243.94 35874552
18 9526273.20 358703.65 5 6
9526367.96 | 358807.78
9526399.00 35876147
9526430.93 358730.61
Silhouette Island (0.33 km?)
9503007.67 | 305902.22
19 Anse Lascare 9502995.19 305887.15 3 3
9502975.22 305872.55
950210248 303040.91
20 | Grand Barbe 950214534 | 303053.80 2 2
Sub-total 29 29
Outer Islands (18.36 km?)
Cosmoledo (1.36 km?)
21 8924095.08 775267.41 17 22*%
8924070.00 775218.41
8924106.06 775165.88
8924120.96 77511177
8924183.75 775078.42
8924198.85 775116.36
8924217.76 775154.50
8924226.24 775196.71
8924210.08 77524798
8925995.74 776507.72
892603755 | 776538.68
8926090.91 776612.03
8926126.62 776633.71
8925858.85 77662497
8925848.00 | 776580.83
8925836.57 776536.67
8925839.40 | 776490.92
Aldabra (17 km?)
8957969.47 | 663639.59
8957969.85 663627.29
22 Cing Cases 895795395 | 663646.88 18 36*
8957959.13 663418.15
8957976.36 663423.82
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895793198 | 66340826
8957884.03 | 66323696
895789375 | 66323974
8957898.09 | 663259.09
8958339.03 | 663314.56
8958359.00 | 66332716
895831735 | 66331655
895816839 | 663286.05
895818232 | 66328841
895817821 | 66326610
8958168.80 | 66344935
895815541 | 663477.63
8958140.84 | 66349613
896296724 | 65767317
896301203 | 65767410
896304130 | 65767423 )
23 Malabar 896308262 | 65770842 6 12
896315943 | 657747.97
896312742 | 65773497
896084500 | 63392500
8960836.00 | 633914.00
896094922 | 633606.51
896093813 | 63361155
896096322 | 633591.90
896086912 | 63441013
. 8960872.35 | 634440.89 )
24 Picard 896089439 | 63444444 14 28
8961757.08 | 633959.07
8961766.86 | 63394516
896173039 | 63396930
8962193.04 | 634582.94
896224090 | 63462297
896222729 | 63459173
25 Picard (Bra Monsier 8960857.00 | 633938.00 1 1"
Clement)
896107294 | 63294461
896108953 | 63294591
. . 896105246 | 63290478 )
26 Picard (Jelly Fish Pond) 896131522 633134.83 6 12
896130346 | 63313916
896135322 | 63313391
896056247 | 63319471
8960567.06 | 633184.36
. y 8960552.08 | 63316578 .
27 Picard (La Gigi) 896079336 | 63321819 6 12
896081855 | 633206.21
896084361 | 633229.99
Sub-total 68 123
ota 8
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Figure 1: Map showing the distribution of mangrove forests in Seychelles (Sources:
mangrove distribution layer: Smith et al. 2020; mangrove distribution layer in Aldabra:
Walton et al. 2019) and the mangrove sampling locations in different islands included in
the field campaign.

Mangrove surveys

Mangrove forest characteristics were sampled at each site. Depending on the tree density
at each site, the plot size (4 m? - 25 m?) was adjusted to facilitate sampling. Following the
international standards for blue carbon sampling (Kauffman and Donato 2012, Howard et
al. 2014) and previous mangrove studies in the SWIO (Sitoe et al. 2014, Jones et al. 2015),

the following measures were collected on each plot:

¢ Adult mangrove trees (> 1.3 m height) were identified to species level and counted. For
each tree, we took morphometric measures such as total height using an extendable
ruler (Figure 2) and total station (Topcon, Model GTS1002; Liyan et al, 2018) to
measure plant height above 5 m (Figure 2), canopy width (two perpendicular

measures), and stem diameter at 1.37 cm height (DBH; diameter at breast height).
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e Standing dead mangrove trees and stumps were counted and categorised according
to their degradation level. Following Kauffman and Donato (2012) and Howard et al.
(2014), Status 1 refers to trees recently dead that have lost most of their leaves. Status
2 refers to trees that have lost all small branches and twigs. 3) Decay status 3 applies
to standing ‘snags’, where most branches have been lost and only the main stem

remains.

e Mangrove seedlings and saplings, classified as individuals less than 1.3 m in height,
were counted across the whole plot, but not identified to species level due to the

complexity of their species-specific identification.

e Formostofthe mangrove forest characteristics surveys on Aldabra Atoll, we used data
collected from recent studies (Constance 2016, Constance et al. 2022) instead of
resampling. In addition, the field team sampled 6 additional plots (ALDA_T46,
ALDA_T47, ALDA_T48, ALDA_T49, ALDA_T50, and ALDA_T51) located in Malabar

that had not been previously surveyed.

UAV Surveys

An unmanned aerial vehicle (UAV, DJI Mavic 2) was used to collect imagery of most
mangrove sites included in this study. The UAV was set up at 56 m of flight altitude, with
80% of both front and side image overlay to obtain sufficient data for image processing.
Aerial photos taken by the UAV during the flight used settings arranged with Pix4d

enterprise. Furthermore, all aerial photographs were processed to create an orthophoto.

The images taken by the UAV were not used or processed as part of this study but have
been included in the Submission Package to MACCE to support future analysis of

Seychelles’ mangroves.

Plant biomass and carbon stocks

Field measurements collected for mangrove trees (i.e., tree height, DBH) were used within
species-specific allometric equations (Table 2
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) to estimate the above- and belowground biomass per mangrove tree (Kg DW ha).

At each sampling plot, the mangrove tree biomass per area (tonnes DW ha?) was
estimated by summing the values of all mangroves within the plot and adjusting by plot
size. Then, values for above- and belowground biomass were transformed to carbon

(tonnes C ha) using the conversion factors of 0.47 and 0.39, for above- and belowground,

respectively (Kauffman and Donato 2012).

Figure 2: Measurement of mangrove tree biomass in Seychelles’ mangrove forest.
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Table 2: Species-specific allometric equations and parameters used to estimate above-
and belowground mangrove biomass. Sources for each parameter are provided in the
following order: aboveground (AGB), belowground (BGB) and wood density. Wood density
is shown only for the species that the parameter has been required in the allometric
equations. DBH= diameter at breast height; WD= wood density; H= tree height.

Mangrove AGB allometric BGB allometric Wood

Species equation (Kg DW) equation (Kg DW) density

Avicennia 0.25128*DBH224351 1.42040*DBH44260 n/a (Njana et al.

marina 2016)

Bruguiera 0.186*DBH?! 0.199*(WD0899) * 0.84 (Clough and

gymnorhiza (DBH?%) Scott 1989,
Komiyama et al.
2005, Gillerot et
al. 2018)

Ceriops 0.189*DBH?3* 0.199*(WD0899) * 0.85 (Clough and

tagal (DBH?#%) Scott 1989,
Komiyama et al.
2005, Gillerot et
al. 2018)

Lumnitzera | 0.0214*(DBH?)105655"WD 0.199*(WD0899) * 0.82 (Komiyama et al.

racemosa (DBH?#) 2005, Chave et
al. 2005, Gillerot
et al. 2018)

Rhizophora | 0.25128*DBH?2602¢ 1.42040*DBH68979 n/a (Njana et al.

mucronata 2016)

Sonneratia 0.19633*DBH204113*H0.29654 | 1 42040*DBH>9566 n/a (Njana et al.

alba 2016)

unknown 0.251*WD*DBH246 0.199*(WD0899) * 0.71 (Komiyama et al.

(DBH?%) 2005, Kauffman
and Donato
2012)
Soil sampling

At each sampling plot, one sediment core (6 cm in diameter and up to a depth of 1 m) was

collected with a hollow stainless-steel core that was locally fabricated by Geffroy’s Farm

under the guidance of the project consultant Dr Barry Nourice. The core was developed

based on the PVC core model commonly used for soil sampling and modified to a marine

grade stainless-steel device with 42 mm diameter holes in a linear orientation at 10 cm
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intervals (Figure 3). The core was manually pushed into the ground by hammering the top
of the core using a rubber mallet. The core had a sharpened edge to help minimize core
compaction. To account for soil compaction, compaction in and compaction out (Figure 4)

were recorded once the core was hammered to the maximum depth possible.

Figure 3: Collection of soil cores in Seychelles’ mangrove forests.
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Figure 4: Schematic drawing demonstrating how compaction was measured during the
field campaign.

Soil conditions, including shell hash or bedrock, limited core insertion depth at several of
the sites sampled. Soil core lengths ranged from 10 cm to 100 cm based on site conditions.
Once the core was extracted, it was subsampled in the field (Figure 3) at 10 cm intervals
using miniature PVC cores (@ = 40 mm length =10 cm). The core generated the following
depthranges: 0-10 cm, 10-20 cm, 20-30 cm, 30-40 cm, 40-50 cm, 50-60 cm, 60-70 cm,
70-80 cm, 80-90 cm, 90-100 cm. The soil samples were then transported to a cold
storage room and stored there until analysis. The samples were then taken from the cold

room for analysis at the SAA Laboratory in Mahé.

Soil processing

All soil samples were processed at the Seychelles Agricultural Agency Soil and Plant
Diagnostic (SAA Lab) in Grand Anse for soil bulk density and Soil Organic Matter (SOM%).

Soil bulk density

Soil samples for bulk density were processed following the gravimetric method. The

stainless-steel ring was pre-weighed and then the soil from the miniature PVC tube was
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transferred into the pre-weighed stainless-steel ring. All rings containing the samples were
dried at 105°C until they reached a constant weight. The constant weight was obtained
within 48hrs. Both the weight before and after drying were recorded along with the weight

of the ring and the foil that was used to secure the sample in the stainless-steel tube.

The volume of the ring was determined by the following formula: (m*r?*h), where r = radius
of the inner section of the ring in cm, and h = the height of the inner section of the ring in
cm. Bulk density was determined by dividing the oven-dry soil sample by the volume of the

sample. The bulk density equation is as follows:

Soil bulk density (g cm™) = Mass of dry soil (g)/ original soil volume sampled (cm?)

Soil organic matter and carbon content (%)

The oven-dry samples used to estimate bulk density were grounded and homogenised
with a porcelain mortar and pestle. Soil Organic Matter (SOM%) was determined using the
Loss-on-lgnition approach (LOI), in which soils are combusted at high temperatures
allowing volatile components, such as organic matter to escape, until mass ceases to
change (Nelson and Sommers 1996). In this case, ~5 g of each soil sample was weighted
into crucibles and set in a muffle furnace (Thermo Scientific, Thermolyne F30430CM) at
550°C for 5 hrs, which combusted the organic matter in the sample, yielding ash and
carbon dioxide. After this time, the ashed samples were cooled in a desiccator and
weighed. Finally, the samples were heated at 950°C for 5 hrs, the temperature at which
carbonates (i.e., calcium carbonate, CaCOs) are decomposed into carbon dioxide. Weight
losses during each heating stage were used to calculate the amount of organic matter

(SOM%) and carbonates in the samples.

SOM% = [Dry mass before combustion (g) - Dry mass after 550°C combustion (g) / Dry
mass before combustion (105°C) (g)] * 100

SOM to SOC relationship

To determine the relationship between SOM (contains carbon, hydrogen, nitrogen, oxygen,
sulphur, etc) and Soil Organic Carbon content (SOC%), a limited number of samples were

sent for organic carbon analysis. The SOC% of 200 samples was analysed at the Analytical
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Services Unit at the University of Aberdeen, United Kingdom. Before SOC% was
determined, all samples were exposed to an acid (HCI) fumigation process to remove any
carbonates from the soil and leave only the organic carbon fraction (Harris et al. 2001).
Then, 0.1 g of each fumigated soil sample was analysed in an elemental CN analyser
(Fissions Instruments NA2500 NCS Analyser). A sediment standard was used for

calibration (Soil 1016, Leco Corporation; 2.35% C). The coefficient of variation was 1%.

The 200 soil samples analysed for SOC% included samples from all islands (both inner and
outer), across a range of depths (from 10 cm to 100 cm) and across all SOM% (0.2% to
81%). By combining the SOM% and SOC% datasets a carbon fraction was estimated to

convert all the SOM values produced from this study into SOC.

Soil carbon pool

Following Kauffman & Donato (2012), the soil carbon mass per sampled depth interval was

calculated as follows:

Soil C pool (Mg ha') = bulk density (g cm™3) *soil depth interval (cm) *SOC %

For each soil core, the total soil carbon pool was then determined by summing the carbon
mass of all the sampled soil slices down to the sampled depth. Although it is common
practice to estimate carbon stocks for the top 100 cm of soil (Kauffman and Donato 2012,
Howard et al. 2014), the soil cores in Aldabra Atoll were particularly shallow (average < 37
cm) given that limestone and ‘coral champignon’ dominate the ground after 50 cm depth.
In this case, we linearly extrapolated the data to 40 cm for Aldabra and to 100 cm for the
rest of Seychelles, so the dataset is comparable. A major limitation of this approach is that
this transformation could overestimate SOC stocks since the top sections are typically
more organic than the deeper layers of the sediment; however, we minimised this risk by
using the average sampling depth to calculate Aldabra’s total soil carbon pool. For all other
islands, the average sampling depth was approximately 65 cm, with several cores taken at

deeper layers (> 70 cm).
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Total carbon pool per site

The total carbon pool for each site was estimated by summing all the component pools.
First, each of the component pools was averaged across all plots and in each study site.

The averaged values were then summed together to obtain the total carbon pool.

Total carbon pool per site (Mg ha*) = average AGC pool (Mg ha*) + average BGC pool (Mg
ha?) + average Soil C pool (Mg ha)

Total ecosystem carbon pool

The total carbon stock for eachisland, or for all of Seychelles, was estimated by multiplying

the average carbon pool* by the total mangrove cover.

Total carbon pool (Mg) = average carbon pool (Mg hafl) *mangrove area (ha)

The mangrove area was calculated from the best available mangrove distribution maps for
Seychelles. For Aldabra Atoll, this meant the map layers developed by Walton et al. (2019),
while for the rest of the islands we used the spatial maps from the Seychelles’ Marine
Spatial Plan Initiative (Smith et al., 2020). All the spatial layers were projected to the same

coordinate system, and all spatial analyses were conducted in ArcGIS 10 (ESRI 2011).

Spatial explicit maps of mangrove carbon stocks

As part of this project, we aimed to use soil carbon stocks sampled throughout Seychelles
to understand the influence of environmental variables in explaining the variability in soil
organic carbon stocks. Furthermore, we aimed to produce spatially explicit maps of soil
organic carbon stocks within the entire mangrove extent in Seychelles (such as the studies
conducted globally by Sanderman et al. 2018, and in Australia by Ewers Lewis et al. 2020,
Costa et al. 2021, Young et al. 2021). In this approach, we would have used the Boosted
Regression Trees (BRT; Elith et al. 2008) to identify the main drivers of variability in soil
carbon stocks in Seychelles’ mangroves, and then create a heatmap of carbon stocks in
the region. BRT is a machine learning approach and ensemble method for modelling the
relationship between the response (i.e., soil carbon stocks) and predictors (i.e., variables

known to influence soil carbon in mangroves, such as temperature, rainfall, land use, tidal
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range, and wave energy). We would then have used the relationship found in our models
to predict soil stocks throughout the mangrove extent in Seychelles. However, this
approach was not possible due to the lack of spatial layers for the main variables needed
to model soil carbon stocks at the required scale (i.e., the entire distribution of mangroves
in Seychelles). Table S2 shows the spatial data found during the data search for this

analysis and their main gaps and limitations.

In this case, we used an area basis approach to create spatially explicit maps of mangrove
carbon stocks by combining the average carbon stocks for each pool (i.e., aboveground,
belowground, soil) and applied them to the distribution maps used in this study (Walton et
al. 2019, Smith et al. 2020). Then, we multiplied the area (ha) of each polygon by the
average carbon stocks. For islands that were not included in the field sampling, we used

the total average carbon stocks to inform the calculations.

* Due to the lack of high-resolution maps for most of the mangrove sites and species,
average carbon stocks had to be used to estimate potential total carbon stocks across the
entire mangrove distribution in Seychelles. This approach is expected to produce
conservative nationwide estimates, which can be updated once high-resolution maps are

available.
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Results

Mangrove forest characteristics

Six out of the eight mangrove species reported for Seychelles were sampled during the
fieldwork campaign (Palacios et al. 2021a; Figure 5 and Table 3). Mangrove species, R.
mucronata, A. marina and C. tagal were the most abundant (Table 3) with R. mucronata
present on all islands surveyed. A. marina was the second most abundant species and
occurred on all islands except Silhouette; while C. tagal was the third most abundant
species but its occurrence was restricted to the Aldabra Atoll and Mahé. Other species
included B. gymnorhiza, L. racemosa, and S. alba, which were identified at lower numbers
and their presence was restricted to two or three islands (Table 3). We did not encounter

individuals of Xylocarpus granatum or Xylocarpus moluccensis within our sampling plots.

Within Seychelles, mangrove tree density varied substantially across islands, ranging from
400 to 30,000 trees ha. The granitic islands of Curieuse and Mahé recorded the highest
average tree densities (30,000 and 26,666 trees ha?, respectively). Considering the
different mangrove species, R. mucronata held the highest density across all islands
(Figure 6).

Table 3: Mangrove species and the number of trees sampled in each Seychelles’ island
during the fieldwork campaign.

Mangrove Species Local Name

TOTAL

Avicennia marina Mangliye Blan S
Brugu:er@ Mangliye Lat 29 3 36

gymnorhiza

Ceriops tagal Mangliye zonn 173 5

Lumnitzera Mangliye pti Fey 5 15 | 26

racemosa

Rhizophora Mangliye Rouz 558 | 116 |60 | 1 | 312 179
mucronata

Sonneratia alba Mangliye fler 1 23

unknown 2

TOTAL 778 189 |76 22 465 213 43
ALD= Aldabra Atoll, COS= Cosmoledo Atoll, CUR= Curieuse, LD= La Digue, MAH= Mahég,
PRA= Praslin, and SIL= Silhouette
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Figure 5: Mangrove species identified in Seychelles: a) Rhizophora mucronata, b) Avicennia
marina, ¢) Bruguiera gymnorizha, d) Ceriops alba, e) Sonneratia alba, and f) Lumnitzera
racemosa. Source: Photos from the Seychelles Plant Gallery taken by Bruno Senterre (a,
e); Joe Daniels (b); Charles Morel (f). Elsewhere taken by Francois du Randt (c), and Silke
Horakh (d).
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Figure 6: Mangrove tree density (average * SE) for each island sampled during the field
campaign in Seychelles, including the relative contribution of each mangrove species.

Average mangrove height varied between 4 to 5 meters in most of the islands, except in
La Digue and Silhouette where mangrove trees tended to be higher (average tree height
of 8m and 10 m, respectively: Table 4). Although A. marina showed the highest average
height across Seychelles (Table 4), the tallest sampled tree (15.1 m) was an R. mucronata

individual from Silhouette.

The density of mangrove seedlings varied from 2,100 to 32,000 seedlings ha (Figure 7),
while dying trees ranged from 39 to 2,600 individuals ha? (Figure 7). Overall, Aldabra
showed the lowest seedling and dying tree density across the different islands (Figure 7).
In contrast, La Digue recorded the highest density of both seedlings and dying trees

(Figure 7).
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Table 4: Mangrove tree height (m; average and range) for each species in each Seychelles’
island during the fieldwork campaign. The number of sampled trees per island and species
(N) is displayed in Table 3. *Only one tree was surveyed.

Mangrove
Species
Avicennia 33 or 58 | cn. 49 56
marina (11-7.6) 10.7) (2.4-10.6) 92) (1.7-13.2) (1.5-9.2)
Bruguiera 51 27 6
gymnorhiza (1.6-9) (2.6-2.8) (1-16.7)
Ceriops 25 12
tagal (0.75-6) (11.1-12.1)
Lumnitzera 7.8 4.6 6.8
racemosa (6-87) | (0.78-11) (1.1-9.2)
Rhizophora 4.4 42 39 28 43 4.2 55
mucronata | (0.85-12.4) | (1.7-11.2) | (1.6-10.5) ’ (1.4-21) (1.5-11) (1.4-151)
Sonneratia 33+ 78
alba ' (2.4-12.6)
unknown 54 (4.8-
)

453 420 8.02 478 458 10.48
ALD= Aldabra, COS= Cosmoledo, CUR= Curieuse, LD= La Digue, MAH= Mahé, PRA=
Praslin, and SIL= Silhouette

m Seedlings densit M Dying trees
50,000 - g ¥ L

40,000 -

30,000 - v )
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10,000 - ' I
L W H H B BN

Aldabra Cosmoledo  Curieuse La Digue Mahé Praslin Silhouette

Density (individuals ha)

Figure 7: Density of mangrove seedlings (i.e., individuals lower than 1 m without branches)
and dying (i.e., standing individuals ranging from missing some branches and leaves to a
standing stem only) trees (average + SE) for each island sampled during the field campaign
in Seychelles.
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Plant biomass and carbon stocks

Mangrove biomass and carbon stocks varied substantially among species and islands.
Overall, A. marina showed the highest values of aboveground biomass, ranging from 23.1
+3.5t0102+19.9 kg DW tree* among different islands (Table 5). However, mature forests
of relatively taller R. mucronata trees in Silhouette (Table 4) held higher total average
biomass (> 100 kg DW tree!; Table 5). A similar pattern was found for belowground

biomass with A. marina showing the highest values across species (Table 5).

Silhouette, La Digue and Curieuse had the highest plant carbon stocks in Seychelles
despite having a relatively smaller extent of mangroves within their limits (Figure 8). In this
case, the highest average values for plant carbon stocks in these islands might be a
combination of the allometric equation used in this study with the lower number of trees
sampled in these islands (Table 3). Based on the allometric equations used in this study
(Table 2), the mangrove species A. marina, B. gymnorhiza, C. tagal, and S. alba hold most of
their carbon stocks within their aboveground stems, branches, and leaves (485 +8.1,42 =
215,19.6 + 4.3, and 46.6 £ 10.1 tonnes ha respectively: Figure 8). In contrast, most of the
carbon stocks of L. racemosa and R. mucronata (28.3 £ 8.2 and 68 % 6, respectively) are

stored in the belowground carbon pool (i.e,, stilt and root system; Figure 8).

Pooling the aboveground and belowground carbon stocks across the entire mangrove
distribution in Seychelles (Table 6), suggests Seychelles’ mangroves hold 207,804 tonnes
of plant carbon stocks. More than 80% of these plant carbon stocks are located within

Aldabra’s mangrove forests (Table 6).
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Table 5: Aboveground and belowground biomass (kg WD tree™) per species and island in
Seychelles (average * SE). The number of sampled trees per island and species (N) is
displayed in Table 3. * Only one tree has been surveyed.

Mangrove

> ALD COos
Species

Aboveground biomass (kg DW tree™)

Avicennia 73.8 64.6 94.6 102 231 68.8
marina (+36.5) (+13.5) (+54.4) (+19.9) (+3.5) (+32.7)
Bruguiera 457 49 30.9
gymnorhiza (x15.6) (*2) (x14.1)
Ceriops 11.8 48.6
tagal (x1.7) (+14.2)
Lumnitzera 68.3 8.05 131
racemosa (*17.7) (x4) (x1.9)
Rhizophora 281 14.2 10.8 0.8* 9.4 9.7 1013
mucronata (+2.3) (#2.9) (+2.4) : (+1.7) (+2.5) (#29.1)
Sonneratia 82 107.5
alba ’ (x20.2)

26.2
unknown (9.2)
Belowground biomass (kg DW tree)
Avicennia 40.4 483 63.4 217 443
marina 4329 | 15y (176) | (81) (£2.3) (+14.5)
Bruguiera 271 34 182
gymnorhiza (+8.8) (x1.3) (x7.9)
Ceriops 82 33
tagal (£1.1) (¥9.2)
Lumnitzera 107.2 11.6 18.8
racemosa (+35.8) (+4.3) (+2.6)
Rhizophora 399 221 N 15 16.1 102.2
mucronata (x2.3) (¥3.5) 191(x3.3) 348 (x1.9) (x2.5) (x21.7)
Sonneratia B 110.6
alba 2005 (+16.5)

131
unknown (+42)

ALD= Aldabra, COS= Cosmoledo, CUR= Curieuse, LD= La Digue, MAH= Mahé, PRA=
Praslin, and SIL= Silhouette
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Figure 8: Mangrove plant carbon stocks (average + SE) within Seychelles: a) within each
island and b) per species. Above- (AGC) and belowground carbon stocks (BGC) according
to eachisland and mangrove species. Values for above- and belowground biomass (tonnes
DW ha?) were transformed to carbon (tonnes C ha?) using the conversion factors of 0.47
and 0.39, for aboveground and belowground, respectively (Kauffman and Donato 2012).
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Table 6: Total aboveground (AGC) and belowground carbon stocks (BGC) within the entire mangrove distribution in Seychelles. Mangrove
extent (ha) was calculated based on Smith et al. (2020), except for Aldabra Atoll where it was based on Walton et al. (2019). Total carbon
estimates assume the average (+SE) values of carbon stocks for each carbon pool (aboveground and belowground) and island. *For islands
that were not included in the field sampling, we used the total average carbon stocks to inform the calculations.

Island Mangrove Average AGC Stocks Average BGC Stocks Total AGC stocks Total BGC Stocks TOTAL
Area (ha) (tonnes ha) (tonnes ha) (tonnes) (tonnes) (tonnes)
Mahé 181 3420+70 313047 6,190 5,665 11,856
Praslin 68 42.80+10.4 4560+99 2,910 3,101 6,011
La Digue 23 91.80+ 316 61.70£17.9 2,111 1,419 3,531
Curieuse 11 79.30+258 69.80+221 872 768 1,640
Silhouette 3 16390 +36.2 13720+ 246 492 412 903
North Island* 2 4743+ 4 4401+33 95 88 183
Therese* 04 4743+ 4 4401+33 19 18 37
Marianne* 01 47434 4401+33 5 4 9
Aldabra 1,720 4830+54 49806 83,076 85,656 168,732
Cosmoledo 112 415087 3090+6 4,648 3,461 8,109
Astove* 39 4743+ 4 4401+33 1,850 1,716 3,566
Farquhar* 25 4743+ 4 4401+33 1,186 1,100 2,286
St Joseph Atoll* |7 4743+ 4 4401+33 332 308 640
lle du Sud* 2 4743+ 4 4401+33 95 88 183
Poivre* 1 4743+ 4 4401+33 47 44 91
St. Francois* 0.3 4743+ 4 4401+33 14 13 27
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Soil Organic Matter (SOM%) and Soil Organic Carbon
(SOC%) Relationship

This project had 200 mangrove soil samples sent overseas for CN analysis to determine
SOC%. The aim was to develop a Seychelles-specific equation between SOM% and SOC%
for mangrove ecosystems. This equation would have allowed future mangrove projects to
just measure SOM% in Seychelles and estimate SOC% using the equation without the
need to send additional samples overseas. Unfortunately, the relationship between SOM%
and SOC% was not a strong relationship (R?=0.35), and the resulting equation (SOC% =
0.2096*SOM% + 8.3317) significantly overestimates SOC% (Figure 9). An equation
(SOC%=0.4241*SOM% + 0.8988) with a strong relationship (R?= 0.81) was developed from
soil samples collected from the mangrove forest of Grand Anse (Palacios et al. 2021a),
using unpublished data (Sefton and Woodroffe 2021). However, all samples were surface
samples (~5 cm) from one location, and we believe that this equation underestimates the
soil carbon across all Seychelles’ mangrove forests. Therefore, to estimate SOC% from the
mangrove soil SOM% data, we used the equation (SOC% = 0.415 * SOM% + 2.89; R?>=0.59)
developed by Kauffman et al. (2011) for mangrove ecosystems, outlined in the Blue Carbon
Manual (Howard et al. 2014).
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Figure 9: Relationship between soil organic matter (SOM%) and soil organic carbon
(SOC%) for 200 mangrove soils collected during this project (light blue) and 25 samples
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from surface soils (top 5 cm) from a mangrove forest at Grand Anse by Sefton and
Woodroffe (2021) (dark blue).

Soil properties

Soil properties varied substantially among islands, mainly between the inner and outer
islands (Figure 10). We found that Aldabra had the highest average soil organic carbon
content and carbon density, along with the lowest average bulk density (Figure 10). In
contrast, we found that Cosmoledo had the lowest average soil carbon density and
content among all islands (Figure 10). Within the inner islands, average soil carbon density
did not vary, ranging from 40 to 46 mg cm™ while average soil bulk density varied from
0.49 to 0.62 g cm? (Error! Reference source not found. 10). Furthermore, average soil
organic carbon content had the largest variation across the inner islands, with Curieuse
and Silhouette having the lowest and highest bounds, respectively (i.e., 7.8% and 12.5%;
Figure 10).

We also found that soil properties varied across depths (Figures 11 and 12). For example,
the average carbon density did not vary substantially across depths within inner islands
(Figure 11). In contrast, the average bulk density varied across depths and islands, with bulk
density increasing with depthin Curieuse, La Digue, and Mahé (Figure 11). The outer islands
showed a clearer pattern in soil properties across depths, with the carbon density
increasing with depth in Aldabra, while in we found the opposite pattern in Cosmoledo
(Figure 12). In addition, bulk density in Aldabra tended to be higher in shallower depths
(Figure 12). Overall, soil organic carbon content was higher in shallower depths for most of
the islands, except for Aldabra and Silhouette where carbon content increased with soil
depth (Figures 11 and 12).
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Figure 12: Variation of soil properties toward depths for soil samples collected in
mangroves within the outer islands: a) soil carbon density (mg cm), b) soil bulk density (g
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Soil carbon stocks

Soil organic carbon (SOC) stocks slightly vary among islands, with Seychelles’ average SOC
stocks estimated at 319.76 + 11.7 tonnes ha'. Amongst islands, La Digue holds the highest
average SOC stocks (455.55 + 18.56 tonnes ha?), where individuals from A. marina
dominated the sampling sites (Figure 13). We found that SOC stocks varied depending on
the dominant species identified in the sampling point, with R. mucronata holding the
largest average SOC stocks within most of the islands (Figure 13), except for Aldabra and
La Digue, where B. gymnorhiza and A. marina hold the highest value, respectively (Figure
13 and Figure 14).

Overall, the inner islands showed higher values of average SOC stocks, varying from
405.14 + 19.62 tonnes ha™ (Curieuse) and 455.55 + 18.56 tonnes ha™ registered for La
Digue (Figure 13). In contrast, the outer islands showed the lowest average SOC stocks in
the country, with Aldabra and Cosmoledo holding 170.77 = 7.5 tonnes ha! and 324.91 +
12.47 tonnes ha’, respectively (Figure 13 and Figure 14). It is important to highlight though
that SOC stocks in Aldabra were calculated up 40 cm due to the dominance of limestone
and ‘coral champignon’ in the soils below that depth. When combining the average SOC
stocks per hectare with the mangrove distribution extent (ha) within each island in
Seychelles, we found that Seychelles’ mangroves hold 480,287 tonnes in their soils (Table
7). Despite Aldabra holding the lowest average SOC stocks, the outer island holds
approximately 61.1% of the total SOC stocks in the country due to its large mangrove
extent (Table 7).
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Figure 13: Mangrove SOC stocks (average * SE) to a1 m deep within Seychelles: a) within
each island (except for Aldabra) and b) for each dominant species within the sample plot.
Here, dominant species were identified as those with > 60% of the trees registered within
each plot. When the number of trees of each species was < 60%, we used ‘Mixed forests’
to classify the plot. * Indicate species that registered only one individual. SOC stocks were
estimated to 1 m soil depth for all islands in Seychelles, except for Aldabra, in which SOC

stocks were estimated to 40 cm.
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Figure 14: Mangrove SOC stocks (average = SE) to 40 cm deep for each dominant species
within Aldabra Atoll. Here, dominant species were identified as those with > 60% of the
trees registered within each plot. When the number of trees of each species was < 60%,
we used ‘Mixed forests’ to classify the plot. * Indicate species that registered only one
individual. SOC stocks were estimated to 40 cm deep in Aldabra.

Total blue carbon stocks in Seychelles

Overall, Seychelles’ mangroves store approximately 688,091 tonnes of organic carbon
within their plant biomass and soils (Figure 15; Table S2), which is equivalent to ~2.5 million
tonnes CO,e. Mangrove soils account for ~70% of Seychelles’ mangrove carbon stock,
with the remaining 30% stored within the plant biomass. Aldabra Atoll holds the highest
total carbon stocks in Seychelles, followed by the mangrove forestsin Mahé (67% and 13%
of Seychelles’ mangrove stocks, respectively). These results are based on the existing
information on mangrove distribution extent, and they can be improved once new

distribution maps are produced in the coming years.
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Figure 16 shows the spatial variation of total carbon stocks within Seychelles. Shapefiles
with detailed estimates on soil and plant carbon have been produced as part of this

project and delivered to MACCE as part of the submission package.

Table 7: Total SOC stocks within the entire mangrove distribution in Seychelles. Mangrove
extent (ha) was calculated based on Smith et al. (2020), except for Aldabra Atoll where we
used distribution maps by Walton et al. (2019). Total carbon estimates were based on the
average (£SE) values of SOC stocks for each island. *For islands that were not included in
the field sampling, we used the total average SOC stocks to inform the calculations.

Island Mangrove | Average SOC Stocks Total SOC Stocks
Area (ha) (tonnes ha) (tonnes)
Mahé 181 44467 £10.37 80,484.70
Praslin 68 42521+16.47 28,914.11
La Digue 23 45555 +18.56 10,477.63
Curieuse 11 405.14 +19.63 4,456.55
Silhouette 3 42914 £18.85 1,287.41
North Island* 2 319.76 £11.70 639.52
Therese* 04 319.76 £11.70 127.90
Marianne* 01 319.76 £11.70 31.98
Aldabra 1,720 170.77 £ 7.52 293,719.13
Cosmoledo 112 324911247 36,389.92
Astove* 39 319.76 £11.70 12,470.62
Farquhar* 25 319.76 £11.70 7,993.98
St Joseph Atoll* | 7 319.76 £11.70 2,238.32
lle du Sud* 2 319.76 +11.70 639.52
Poivre* 1 319.76 £11.70 319.76
St. Francois* 0.3 319.76 95.93

480,287

Blue carbon assessment for mangrove systems

51



500,000 - a) —
mBGC
400,000 -
— mAGC
wv
Q
c
[
S 300,000 -
2
Q
8
w
O 200,000 -
E
L
100,000 -
0 l [ N
Mahé Praslin La Digue Curieuse Silhouette  Aldabra  Cosmoledo
20,000 - b)
15,000 -
m
Q
c
c
£
w
S 10,000 -
k7
(¥
s
2
5,000 -
oL M l [ —
North Therese Marianne Astove Farquhar StJosephile duSud Poivre St.
Island Atoll Francois

Figure 15: Total carbon stocks (tonnes) across islands within Seychelles: a) islands included
in the fieldwork campaign, and b) islands not included in the fieldwork campaign, for which
we used the total average SOC stocks to inform the calculations.
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Figure 16: Maps showing the distribution of total carbon stocks (above- and belowground
and SOC stocks) from mangrove forests in Seychelles based on the average carbon stocks
in each island and the area (ha) of each polygon. Here, we used the mangrove distribution
map from Smith et al. (2020) and Walton et al. (2019). This figure focused on the islands
included in the fieldwork campaign. In order: Aldabra, Cosmoledo, Curieuse, La Digue,
Mahé, Praslin, and Silhouette.
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Stakeholder Workshop &
Validation

Deakin University hosted a half-day stakeholder workshop on September 30, 2022, at
Savoy Seychelles Resort to present the results of the Blue Carbon Assessment for
Mangrove Systems in Seychelles. The workshop was attended by 30 participants from
over 15 organisations including MACCE, Seychelles Islands Foundation (SIF), the
University of Seychelles (UniSey), Nature Seychelles, Marine Conservation Society, among
others. The workshop was opened by Minister Flavien Joubert the Minister for Agriculture,
Climate Change and Environment. In his welcome, Minister Joubert spoke on the
importance of mangrove ecosystems in climate change mitigation and adaptation and the
integral need to protect and restore these ecosystems, highlighting Seychelles’ new
commitments in its updated NDCs. The Minister also noted the importance of the

Seychelles’ Blue Carbon Roadmap that was recently delivered in partnership with key

partnersincluding SeyCCAT, James Michel Foundation and Deakin University. Members of
the news media were present at the workshop and reported on the results from the
workshop in the Seychelles Nation and on the Seychelles Broadcasting Corporation (SBC;
starting at 14:33 min).

There were four presentations over the course of the workshop including:

e the importance of blue carbon ecosystems and the results from the mangrove
literature review presented by Dr Maria Palacios (Deakin University)

e fieldwork and laboratory methods used to quantify Seychelles’ mangrove carbon
stocks presented by Dr Barry Nourice (Local Consultant)

e Seychelles mangrove carbon stocks results presented by Dr Micheli Costa (Deakin
University),

e discussion of how mangroves can help Seychelles tackle climate change presented

by Dr Melissa Wartman (Deakin University).

There were several key points of discussion with the workshop participants:
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e Aldabra carbon stocks. In her presentation, Dr Micheli Costa highlighted that

Aldabra carbon stocks have been calculated only to 40 cm (standard is 1 m), as this
was the average core depth sampled on Aldabra. Dr Costa noted that if she had
calculated it the full Im it would have been an overestimation of the actual carbon
stock since that limestone and ‘coral champignon’ dominate the soils below that.
There was no objection from the stakeholders and workshop participants to
proceed as Dr Costa recommended. When Aldabra’s soil carbon stock value is
referenced in other documents it needs to be noted with the value, that the carbon

stock depth is 40 cm, not 1 meter.

e Soil sample and data storage. The second point of discussion was regarding the

storage of soil samples and the housing of the data generated during this project.
The data from this project, including raw and analysed values delivered as excel
spreadsheets and drone imagery of the sampled sites unanalysed will be housed at
the Climate Change Division with the MACCE. To access the mangrove carbon
stock data or the drone imagery please contact Ms. Ashley Dias

(a.dias@env.gov.sc), Director for Biodiversity Conservation Section, Environment

Department, MACCE. The soil samples will be stored at the SAA laboratory for 5
years. To access the mangrove soil samples please contact Ms. Natalie Meme

(nmeme30@gmail.com), Laboratory Technician at Seychelles Agricultural Agency.

Action 1.2 in Seychelles Blue Carbon Roadmap (Palacios et al. 2022) suggests the
establishment of a national repository of blue carbon research to enable sharing of

data and knowledge.

e Blue Carbon Working Group. The third point of discussion related to the lack of

coordination and communication between the various blue carbon initiatives
happening in Seychelles. We suggested the idea to develop a Blue Carbon Working
Group (BCWG). The BCWG could include key stakeholders from the government,
academia, NGOs, industry, and the community. The working group would serve to
promote collaborations, sharing of equipment, facilities, and resources, ensure
alignment of research projects to avoid duplication and promote research
outcomes. The establishment of a Blue Carbon Working Group was well received

by workshop participants, with many supportive of the idea.
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Participants of the workshop received by email a copy of all presentation slides, the
Seychelles Blue Carbon Roadmap report, and the mangrove literature review (Palacios et
al. 2021a).

Building Local Research
Capacity in Blue Carbon

This project provided several opportunities to build blue carbon research capacity within
Seychelles. Due to Covid-19 travel restrictions, Deakin University’s Blue Carbon Lab
research team was unable to travel to Seychelles to undertake the mangrove sampling
fieldwork. The Deakin team worked closely with a local consultant Dr Barry Nourice to
provide step-by-step guidance on the proper methods and equipment needed to obtain
high-quality mangrove plant and soil carbon data. This project resulted in nine local
researchers being employed and trained in mangrove assessment techniques.
Researchers were trained up in field data collection (soil coring, species identification,
aboveground biomass measurement) as well as soil processing (LOI, and dry bulk density).
Developing this skillset in country will allow any future projects to be undertaken by local
researchers. The key equipment for soil carbon stock assessment was fabricated in
Seychelles. Geffroy’s Farm, based in Anse Royale, fabricated seven 1.2 m stainless steel
soil corers with sampling ports spaced every 10 cm (Figure 3). The five remaining corers
from the field campaign will be stored at the SAA Lab, and available for use by other
researchers. Additionally, this project highlighted that Seychelles has the capacity to
measure SOM% of soil samplesin Seychelles at the SAA Lab. Researchers can use a global
mangrove equation referenced in the Blue Carbon Manual (Howard et al. 2014) to estimate
the SOC% in their samples. Alternatively, a subset of soil samples could be sent overseas
for analysis to determine organic carbon content on a CN analyser, as Seychelles does not

have a CN analyser in the country.
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Discussion

Mangrove ecosystems play an important role in adapting and mitigating climate change
impacts. The protection and restoration of these ecosystems are especially important to
Small Island Developing States, like Seychelles, which are particularly vulnerable to the
impacts of climate change. This study is the first to conduct a systematic field-based
assessment of mangrove systems across both the inner and outer islands in Seychelles.
Seychelles is home to 2,195 ha of mangrove forest distributed across the inner and outer
islands (Walton et al. 2019, Smith et al. 2020). Despite the limited distribution of mangrove
forests, we found that these ecosystems store 688,091 tonnes of carbon, or 2.5 million
tonnes of CO2e, within their soil and plant biomass. Our results showed that mangrove
systems in Seychelles store an average of 313.48 tonnes C ha*, with 70% of their total
carbon stocks stored in their soils. From a global perspective, Seychelles’” mangroves
contain lower total ecosystem carbon stocks than the global average, which has been
estimated at 702 or 856 tonnes C ha* (Alongi 2020, Kauffman et al. 2020). This result
highlights the need to invest in country-specific values for blue carbon assessments since
using default values based on global averages would have overestimated the potential

blue carbon stock in Seychelles.

Mangroves store more carbon in their aboveground biomass (i.e., the global average
estimated at 109.5 £ 5 tonnes ha™ by Alongi 2020) than any other blue carbon ecosystem
(e.g., the global average for seagrasses estimated at 0.7 + 0.1 by Fourqurean et al. 2012).
Our results showed that above- and belowground plant carbon pools hold approximately
30% of the total carbon stocks in Seychelles’ mangroves, which aligns with the global
average (Donato et al. 2011, Hamilton and Friess 2018). Furthermore, we found that
mangroves store an average of 48.3 tonnes C ha' and 49.8 tonnes C ha’, respectively, in
their above- and belowground carbon pools. These results are relatively lower than
previous studies conducted in different countries within the Western Indian Ocean
(varying from 71.8 to 164 tonnes ha; Palacios et al. 2021b, 2021a); however, are within the
range found in Tanzanian mangroves (Cleyndert et al. 2020). Such variability indicates that
these carbon pools are highly influenced by site-specific conditions, species and forest

structure (Kamau et al. 2015, Simard et al. 2018). Despite using different allometric
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equations, our results agree with a recent study conducted in Aldabra’s mangroves, which
found their average aboveground carbon stocks at approximately 38.5 tonnes C ha’
(Constance et al. 2022). While mangroves in Seychelles are exposed to different
environmental settings across islands, it has been suggested that mangrove aboveground
biomass in Aldabra is driven directly and indirectly by soil nutrient content and water level
variation. We still need further studies to understand what drives above- and belowground

biomass on other islands within Seychelles.

Aldabra Atoll, located in the outer islands, has the largest distribution of mangrove forests
in Seychelles (~1,720 ha; Walton et al. 2019), and consequently, holds the highest total
carbon stock (~293,719 tonnes), accounting for 67% of Seychelles’ mangrove stocks.
Despite the high total carbon stock value, the average soil carbon stock in Aldabra was the
smallest across all islands (170.77 + 7.52 tonnes ha?), likely due to the average core
sampling depth on the Atoll being 40 cm. The field team encountered limestone and ‘coral
champignon’ below the soil (Braithwaite et al. 1973), unsurprisingly given Aldabra is one of
the world’s largest coral atolls (Claudino-Sales 2019). However, the average value per
hectare is still within the global range for mangrove systems (Howard et al. 2014). Although
Aldabra’s soil carbon stock value was low, its soils contained higher SOC% (18.6%)
compared to other islands (which varied from 6% to 12.5%). The carbon stocks on Aldabra
Atoll have been protected since 1982 when it was inscribed as a UNESCO World Heritage
Site (UNESCO 2022) and designated as a Wetland of International Importance under the
Ramsar Conventionin 2010 (Ramsar Sites Information Service 2010). Recent research has
shown the extent of mangrove forests on Aldabra has naturally varied through time, with
the overall extent increasing by 60 ha over the past 20 years (Constance et al. 2021). In this
study, the expansion of mangroves was mainly associated with landward migration into
drought-stricken grassland, while mangrove loss was mainly along the seaward edge of
forests (i.e, likely related to changes in coastal processes, such as waves, storms, sediment
dynamics, sea level rise). Anthropogenic threats to Aldabra’s mangrove forests have been
historically limited due to both international protection and its remote location, however,
these mangroves now face threats derived from climate change (e.g., sea level rise).
Ongoing monitoring and management of these ecosystems are needed to maintain

ecosystem health and the continued expansion of the mangrove forests.
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In contrast to Aldabra Atoll, Mahé, Seychelles’ largest inner granitic island is home to the
second largest mangrove extent (181 ha) and total carbon stock (~80,485 tonnes),
accounting for 12% of Seychelles’ total mangrove carbon stocks. Most of the carbon stock
on Mahé is stored within the soils (87.2%). In contrast, La Digue, Silhouette and Curieuse
have higher plant carbon stocks per hectare (Figure 8). On Mahé&, 69% of current mangrove
forests are protected, as Port Launay Coastal Wetlands (124 ha) was designated a Wetland
of International Importance under the Ramsar Convention in 2004 (Ramsar Sites
Information Service 2013). Mahé supports the greatest diversity of mangrove species (6
species registered in this study), with Port Launay home to seven (Alcindor 2015) of eight
species of mangroves found in Seychelles (Palacios et al. 2021a), which provide important
habitats for species of industrial value (Senterre et al. 2015). A study investigating global
patterns in mangrove soil carbon stocks found that mixed mangrove stands had 20%
higher soil carbon stocks per unit area compared to monotypic stands (Atwood et al. 2017).
As Mahé is home to ~86% of Seychelle’s total population, mangrove forests face direct
impacts from urban activities (i.e., coastal development, pollution, water quality), however,
there is no available data or information on historical mangrove loss across Mahé. The
mapping of mangrove distribution and species (Alcindor 2015), and temporal changes in
extent (Constance et al. 2021) could be replicated across Mahé and many of the different
islands in Seychelles. This information is essential so that these ecosystems can be
properly managed and protected, and to support decision-makers and land managers to

understand the restoration opportunities in the country.

The protection, conservation, and restoration of blue carbon ecosystems including
mangrove forests are natural climate solutions and can play an important role in achieving
the 1.5° Celsius pathway laid out by the Paris Agreement. As a small island developing
state, Seychelles is giving high priority to climate adaptation strategies that will improve
its resilience to climate change impacts (Herr and Landis 2016). Seychelles was one of 58
countries that added new blue carbon commitments in its updated NDCs in July 2021 (GoS
2021)). Under its Adaptation Contributions, Seychelles has committed to safeguarding
blue carbon ecosystems by protecting at least 50% of its seagrass and mangrove
ecosystems by 2025, and 100% of its seagrass and mangrove ecosystems by 2030 (GoS
2021). However, the NDC update did not reference a baseline extent for this commitment
(e.g., based on the extent of mangroves from 1950). Based on the current extent of
mangrove forests (2,195 ha, Walton et al. 2019, Smith et al. 2020), Seychelles has already
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achieved ~84% protection of mangrove ecosystems due to the protection of mangrove
forests on Aldabra Atoll (1720 ha), a UNESCO World Heritage and registered Ramsar site,
and Port Launay (124 ha) on Mahg, a registered Ramsar site. The long-term protection of
mangrove ecosystems on Aldabra Atoll has contributed to an overall increase of 60 ha in
mangrove extent over the past 20 years (Constance et al. 2021). Seychelles has already
reached its NDCs 2025 mangrove protection targets and is well on its way to achieving
100% protection by 2030. By maintaining the protection of these mangroves, Seychelles
is ensuring the long-term storage of 2.1 million tonnes of CO.e. Innovative financial
mechanisms (e. g, multilateral and bilateral funds, insurance products, debt-for-nature
swaps, private investment, blue carbon credits and bonds) will be needed to achieve 100%
protection and support the monitoring and management of Seychelles’ mangrove

ecosystems.

Additionally, within its updated NDCs, Seychelles has committed to incorporating the
natural GHG sink capacity of Seychelles’ mangrove ecosystems within its National
Greenhouse Gas Inventory (NGGI) by 2025. Based on a global mangrove sequestration
rate (Alongi 2014), mangrove forests in Seychelles are sequestering 3,819.3 tonnes of C
ha?tyrtor14,016.83 tonnes of COze yr. To support the inclusion of the GHG sink capacity
of mangrove forests in its NGGI, Seychelles will need to establish a long-term monitoring
programme for mangrove ecosystems and map the full extent of mangrove ecosystems
by 2025. A long-term monitoring program should be developed to monitor the changes to
plant and soil carbon stocks and sequestration rates, changes to mangrove extent and the
drivers (Constance et al. 2021), vulnerability and risks to mangrove ecosystems (Tjahjono
et al. 2022), and the array of co-benefits (e.g., coastal hazard mitigation, fisheries
enhancement, biodiversity benefit, social values, etc.) generated by these ecosystems to
coastal communities (Carnell et al. 2019). Several recent studies have undertaken mapping
mangrove distribution on Aldabra Atoll (Walton et al. 2019, Constance et al. 2021),
approaches that could be replicated to support long-term monitoring and fully mapping
the national extent of mangrove ecosystems at higher resolution across Seychelles

(further details and recommendations available on Table 8).

The IPCC has guided the inclusion of coastal wetlands within national inventories through

the 2013 Wetlands Supplement (Chapter 4). However, the supplement is limited to only a
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handful of land-use change activities (IPCC 2014), most of which are not relevant to
Seychelles. Primarily, Seychelles will be estimating emissions and removals from managed
coastal wetlands that remain coastal wetlands, as 84% of its mangrove extent is currently
protected. To estimate net GHG emissions or removals, Seychelles could apply the stock-
difference method using Tier 2 emissions factors (i.e., country-specific emissions factors),
which involves estimating the difference in carbon stocks (sum of all carbon pools)
measured at two points in time (Green et al. 2021). This study has established the initial
assessment (time point 1) for mangrove carbon stocks. Another field-based campaign to
measure all carbon pools again at the same sites would be required at a subsequent time
(time point 2). For natural healthy mangrove ecosystems, measurements every 5-10 years

would be valuable.
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Conclusions and
Recommendations

This field-based project delivered the first local-scale data on both plant and soil organic
carbon for mangrove ecosystems in the inner and outer island systems of Seychelles. A
literature review revealed many knowledge gaps in mangrove research and the need for
quantitative datasets for plant and soil carbon pools (Palacios et al. 2021b). A local field-
based team collected over 150 soil cores and measured 132 aboveground biomass plots
across 27 sites located over 7 islands (Inner islands: Mahé, Praslin, La Digue, Curieuse
Island, Silhouette Island, Outer Islands: Cosmoledo and Aldabra). We found that
Seychelles’ mangroves store approximately 688,091 tonnes of organic carbon within their
plant biomass and soils, which is equivalent to ~2.5 million tonnes COze. Mangrove soils
account for ~70% of Seychelles’ mangrove carbon stock, with the remaining 30% stored
within the plant biomass. Aldabra Atoll holds the highest total carbon stocks in Seychelles,
followed by the mangrove forests on Mahé (67% and 13% of Seychelles’ mangrove stocks,
respectively). In addition to holding significant carbon stocks, Seychelles’ mangrove
forests are sequestering an additional 3,819 tonnes of C ha' yr* or 14,017 tonnes of COe
yrt. Overall, the results from this project will support the Seychelles Government to deliver

on its blue carbon NDCs commitments.

For Seychelles to benefit from the use of blue carbon ecosystems as a natural climate
solution, continued advancement in mangrove research is needed. To support the
advancement in research, we have made recommendations on priority areas (Table 8).
Many of the recommendations are aligned with key objectives and actions, specifically
Objective 1- advance blue carbon science and empower local scientists outlined in the Blue

Carbon Roadmap (Palacios et al. 2021a). Additionally, these recommendations will support

Seychelles NDCs commitment to fully map mangrove ecosystem and include the GHG
sink capacity of mangrove ecosystems in the GHG inventory. The priority research areas
include improving mangrove distribution maps and monitoring changes in ecosystem

extent to accurately account for mangrove carbon stock. Measuring soil carbon

Blue carbon assessment for mangrove systems 68



sequestration in Seychelles mangrove soils is needed to determine how much additional
carbon mangrove ecosystems are sequestering annually. Seychelles should establish a
monitoring program of key indicators (biophysical, socio-economic, and climatic factors)
to assess the risk of ecosystem degradation and the drivers of degradation. This
information will support the development of blue carbon projects within Seychelles.
Finally, the ecosystem services provided by mangrove forests should be quantified and
valued to support the need for their protection and restoration, and access to alternative

financial markets (e.g., payments for ecosystem services).

Table 8. Recommendations to advance mangrove research to support blue carbon as a
natural climate solution in Seychelles.

Recommendations Description

The current mangrove distribution maps (e.g., Smith et al.
2020) are likely to underestimate the extent mangrove
area within Seychelles. There have been two successful
and recent studies mapping mangrove distribution in
Aldabra (Walton et al. 2019, Constance et al. 2021), which
could be used to replicate their approach at a national
scale (see Recommendation 2).

Improve mangrove

1 ecosystem Furthermore, there is the ecosystem mapping developed

distribution maps by Senterre and Wagner (2014), which has been
successful in mapping mangroves across different inner
islands. This same methodology has been currently used
to develop a 2021 ecosystem mapping, which could then
be used to compare the mangrove distribution extents
with any future mapping. More information on Senterre’s
work is available at http://dx.doi.org/10.15468/q23r47.

Investigate changes in the spatial extent of mangrove
forests across Seychelles and the drivers of the extent

Monitor changesin change. This work has been recently completed for the
2 mangrove ecosystem Aldabra Atoll (Constance et al. 2021) but should be
extent upscaled across all of Seychelles. The change in

mangrove extent data is necessary to include mangrove
ecosystems in Seychelles’ GHG inventory.

There are currently no carbon sequestration datasets
available from mangrove ecosystems in Seychelles. To
estimate how much additional carbon mangrove
ecosystems are drawing down each year we currently
rely on a global value (1.74 tonnes ha* yr?) from Alongi
(2014). To acquire local mangrove sequestration rates,
we recommend the following methods to collect the data:
age dating (e.g., Pb?% Gulliver et al. 2020), soil marker
horizons (e.g., feldspar; Krauss et al. 2003) or rod surface
elevation tables (rSETS; Cahoon et al. 2002). This

Measure local
3 mangrove soil carbon
sequestration

Blue carbon assessment for mangrove systems 69



information would support determining changes in
carbon stocks and modelling blue carbon sequestration
and restoration potential in Seychelles.

Model blue carbon Model and map mangrove carbon stock and
stocks and sequestration and their drivers of change (Ewers Lewis et

4 sequestration from al. 2020, Costa et al. 2021, Young et al. 2021). To
mangrove undertake this recommendation, additional data needs to
ecosystems be collected (outlined in Table S1).

Seychelles’ mangrove forests hold 31% of their carbon
stockin their aboveground biomass (AGB). Thereforg, itis
important to continue to monitor and quantify changes to
AGB periodically. Field-based measurements carried out
in this project and Constance et al. (2022) are one
Monitor changes in method, but with improvements in technology there is a
5 mangrove possibility to use unmanned aerial vehicles (UAV; Navarro
aboveground biomass et al. 2020), or remote sensing (Simard et al. 2019,
Nguyen and Nguyen 2021) to estimate AGB in mangrove
forests which could help reduce field and staff related
costs. During this project’s field campaign, UAV imagery
was collected from most sites and is available for a
researcher to process it.
In its updated NDCs, Seychelles committed to
establishing a long-term monitoring programme for
mangrove ecosystems and including the GHG sink of blue
carbon ecosystems within the National Greenhouse Gas
Inventory by 2025. Estimating net GHG emissions can
involve estimating the difference in carbon stocks (the
sum of all carbon pools) measured at two points in time.
This study has established the initial assessment (time
point 1) for mangrove carbon stocks. Another field-based
campaign to measure all carbon pools again at the same
sites would be required at a subsequent time (time point
2). For natural ecosystems measurements every 5-10
years would be valuable.
A systematic collection of indicator data on the
biophysical, socio-economic, and climatic factors that
influence mangrove forests should be established to
measure the vulnerability and risk to Seychelles
Establish a monitoring mangrove ecosystems (Tjahjono et al. 2022).

Determine changes in
carbon stocks/pools

7 program for Quantitative models can also be developed using remote
mangrove ecosystem sensing to monitor and map mangrove ecosystem
degradation degradation (Lee et al. 2021). This information will be

important for identifying blue carbon projects in

Seychelles and identifying GHG emissions from

mangrove ecosystem loss due to land-use change that

need to be accounted for in the GHG inventory.

In addition to carbon sequestration, mangrove
Quantify co-benefits ecosystems provide many benefits to humans such as

8 provided by supporting coastal fisheries, protecting coastlines,
Seychelles’ improving water quality, supporting biodiversity, and
mangroves providing areas for tourism. It is important to map and

quantify the range of ecosystem services that
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Map mangrove
9 ecosystem
restoration potential

Measure greenhouse
gas fluxes from soil
10 and vegetation from
mangrove
ecosystems.

Blue carbon assessment for mangrove systems

mangroves provide to Seychellois’ (Carnell et al. 2019,
Afonso et al. 2021). Economic valuations of mangrove
ecosystem services provide compelling arguments for
proper protection and management (Carnell et al. 2019,
2022, Costa et al. 2022b), but also create a market for
payment for ecosystem services.

Model blue carbon restoration opportunities using the
Coastal Blue Carbon InVEST model to estimate future
net carbon sequestrationin mangrove ecosystems in
Seychelles, considering different management scenarios
at different spatial scales (Moritsch et al. 2021, Wedding
et al. 2021, Costa et al. 2022a). Given that Seychelles has
already protected ~84% of its mangrove ecosystems,
this recommendation has lower priority over the others
listed in the table.

Estimating net GHG emissions from mangrove
ecosystems for the GHG inventory can also be estimated
by measuring or modelling the GHG flux between the soil
and vegetation and the atmosphere or water. The most
common method is using static chambers described in
Chapter 5 of the Blue Carbon Manual (Howard et al. 2014).
Based on equipment availability in Seychelles we would
recommend using the changes in the carbon stock
approach outlined above.
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Supplementary Material

Table S1: List of variables (and original datasets) found during the data search to perform
the Boosted Regression Trees analysis, their relationship with SOC stocks in mangroves,
resolution of dataset, source., and their gaps that limited the analysis to be completed.
Wave height (m), tidal range (m) and sediment type are other variables also known to
explain the variability in SOC stocks in mangroves, however, no dataset have been
identified for Seychelles.

Variable

Relationship with
SOC stocksin
mangroves

Resolution of

the dataset

Source

Gaps/Limitations

Water depth
(m)

Elevation (m)

Average
monthly
temperate
(°C)

Average
monthly
precipitation
(mm)

Average
monthly solar
radiation (kJ
m-2 day?)

Fetch (km)

Since mangroves
situated within
lower elevations
are inundated
more often, we
usually find a
stronger
correlation with
lower elevation
and SOC stocks.

We expect to find
higher SOC stocks
associated with
higher
temperatures.

Higher
precipitation rates
are usually
associated with an
increase of SOC
stocks due to an
increase in
freshwater runoffs.

Plant productivity,
and consequently
SOC stocks, can be
influenced by solar
radiation.

Indicative of
hydrodynamic
energy; enhanced
sediment export
and erosion can

15 arc-
second

30m

30 seconds
(~1km?

30 seconds
(~1km?)

30 seconds
(~1km?

Estimated at
the needed
resolution
through the
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WorldClim

WorldClim

WorldClim

FetchR
package

Global; however,
this is the source
of the bathymetry
layer used in the
SMSP.

Global; ideally, we
would use the
elevation layer
used locally. We
did not get access
to the locally used
layer.

Global, partial
coverage over
Seychelles that
could still be used
for aninitial
assessment.

Global, partial
coverage over
Seychelles that
could still be used
for an initial
assessment.

Global, partial
coverage over
Seychelles that
could still be used
for an initial
assessment.

This variable can
be calculated to
any resolution
needed.
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Island type
(inner vs.
outer;
granitic, etc)

Closest
freshwater
source (km)

Annual
average sea
surface
temperature
(°C)

Annual
average sea
surface
salinity (PPS)

Annual
average
water current
speed (ms™)

Ocean
currents
during
northwest
and
southwest
monsoon
(magnitude
and direction)

Land use
cover

decrease SOC
stocks.

Island type and
position can
influence the
amount of
sediment trapped
within mangroves,
and therefore,
influence the
amount of SOC
stocks.

Freshwater runoff
canincrease SOC
stocks

Changesin sea
surface
temperature and
salinity may lead to
changes in carbon
stocks, which are
likely to lead to
species-specific
responses.
Indicative of
hydrodynamic
energy; enhanced
sediment export
and erosion can
decrease SOC
stocks.

Indicative of
hydrodynamic
energy; enhanced
sediment export
and erosion can
decrease SOC
stocks.

Indicator of
potential
freshwater
sources and the
intensity of
human-related
activities

fetchR
package

Classification
can be done
atany
resolution
needed.

Euclidean
distance (km)
calculated
from the
spatial layer
showing the
freshwater
sources

5 arc-min

5 arc-min

5 arc-min

Not available
within the
SMSP spatial
layer

25m
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NA

HydroSHEDS
at3arc-
seconds

Bio-ORACLE
v2.0

Bio-ORACLE
v2.0

Bio-ORACLE
v2.0

Homisland-
10

This variable can
be classified at
any resolution
needed.

Global; limited
coverage over
Seychelles. We
recommend the
usage of a local
dataset.

Global; no
coverage over
Seychelles

Global; no
coverage over
Seychelles

Global; no
coverage over
Seychelles

Global; but
extracted at the
Seychelles level.
This layer was
used in the SMSP.

This layer only
covers Mahé.
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Table S2: Estimated total blue carbon stocks within the entire mangrove distribution in
Seychelles. Mangrove extent (ha) for different islands from the Seychelles Archipelago
were calculated based on Smith et al. (2020), except by mangrove extent in Aldabra Atoll,
which was based on Walton et al. (2019). Total carbon estimates were based on the
average (xSE) values of soil carbon stocks for each island. *For islands that were not
included in the field sampling, we used the total average soil carbon stocks to inform the

calculations.

Total AGC Total BGC Total SOC
Island ;/Iraer;g(rhcge stocks Stocks Stocks (TtgnTr?eLs)
(tonnes) (tonnes) (tonnes)
Mahé 181 6,190 5,665 80,484 92,340
Praslin 68 2,910 3,101 28914 34,925
La Digue 23 2,111 1,419 10,478 14,008
Curieuse 11 872 768 4,456 6,097
Silhouette 3 492 412 1,287 2,191
North Island* 2 95 88 639 822
Therese* 04 19 18 128 164
Marianne* 01 5 4 31.98 41
Aldabra 1,720 83,076 85,656 293,719 462,451
Cosmoledo 112 4,648 3,461 36,390 44499
Astove* 39 1,850 1,716 12,471 16,037
Farquhar* 25 1,186 1,100 7,994 10,280
St Joseph Atoll* 7 332 308 2,238 2,878
lle du Sud* 2 95 88 639 822
Poivre* 1 47 44 320 411
St. Francois* 03 14 13 96 123
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