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APPENDIX A

Estimating blue carbon stocks in Seychelles

Seychelles’ mangrove forests extend across approximately 1,700 ha'? and include up to 8 species®
(Table 1, Figure 2). Two recent scientific publications improved the estimates for mangrove cover for
Aldabra®#, while mangrove distribution for Mahé, Praslin, Silhouette, La Digue and Curieuse can be
found in Senterre and Wagner (2014)° as part of a nationwide mapping exercise of terrestrial habitat
types. Within Mahé, the mangrove forest of Port Launay has been mapped in detail by Alcindor (2015)¢,
who provides an analysis of the species-specific cover of the mangrove forest (Box 1 in the Roadmap).

Seychelles’ seagrass maps are currently being updated. Previous maps estimate seagrass coverage at
2.1 million ha? (Figure 1) however, new locally produced maps using field-verified data indicate that
seagrasses cover an area of approximately 143,000 ha (Rowlands et al. in prep*). There are up to nine
species of seagrass® reported for Seychelles (Table 1, Figure 3).

Despite the large distribution of seagrasses and mangroves throughout Seychelles, there are still large
knowledge gaps in the distribution of these ecosystems and in the associated carbon stocks and
sequestration rates?.

This Seychelles’ blue carbon stock assessment is based on the datasets identified by two
comprehensive literature reviews conducted during 202137, Table 2 shows the best available
information on the spatial distribution of seagrasses and mangroves in Seychelles, while Table 3 shows
the best available/existing information on carbon stocks for the region. Detailed information on the
existing data on blue carbon ecosystems in the Tropical Western Indian Ocean is available in Palacios
et al. (2021)%.

For both mangroves and seagrass meadows, data on the plant and soil carbon stocks (tonnes of
organic carbon per hectare; Table 3) was combined with the area extent of each ecosystem (in
hectares, based on the best available distribution maps; Table 2) to estimate total carbon stocks across
Seychelles. Results are displayed in Table 4. For seagrass meadows, we calculated both the upper and
lower bound to account for existing uncertainties in the seagrass distribution extent.

The CO:2 equivalent (COze) of blue carbon stocks stored within seagrasses and mangroves was
calculated by multiplying the organic carbon values by 3.67 (which is a conversion factor based on the
atomic weight of one carbon atom versus one carbon atom and two oxygen atoms). Our carbon stock
estimates differ from those calculated by the Mapping Ocean Wealth Seychelles® due to differences in
the input data used for the calculations (see Tables 2 and 3).

*Rowlands GP, Antat S, Baez SK, Barri PM, Cupidon A, Faure A, Harlay J, Lee CB, Martin LEC, Morgan M, Mortimer JA,
Traganos D (in prep) The Seychelles Seagrass Mapping and Carbon Assessment. A report to be submitted to the Ministry of
Agriculture, Climate Change and Environment (MACCE).
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Figure 1. Distribution of seagrass meadows (representing upper bound of the potential distribution of
seagrasses in Seychelles)? and mangrove forests in the tropical Western Indian Ocean region*2.

NOTE: There are no spatial files currently available representing the lower bound of the seagrass
distribution in Seychelles. These maps using field-verified data are being generated by Rowlands et al.

(in prep)*.

* Rowlands GP, Antat S, Baez SK, Barri PM, Cupidon A, Faure A, Harlay J, Lee CB, Martin LEC, Morgan M, Mortimer JA,
Traganos D (in prep) The Seychelles Seagrass Mapping and Carbon Assessment. A report to be submitted to the Ministry of

Agriculture, Climate Change and Environment (MACCE).
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Figure 2. Common mangrove species in the tropical Western Indian Ocean region. (a) Avicennia marina
(Source: MM. Palacios); (b) Bruguiera gymnorrizha (Source: mozambiqueflora.com); (c) Ceriops tagal
(Source: Reuben Lim via flickr.com); (d) Rhizophora mucronata (Source: alchetron.com). Species
displayed alphabetically.
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Figure 3. Common seagrass species in the tropical Western Indian Ocean region. (a) Cymodocea
serrulata (Source: SeagrassWatch); (b) Halophila ovalis (Source: SeagrassWatch); (c) Thalassia
hemprichii (Source: SeagrassSpotter); (d) Thalassodendron ciliatum (Source: SeagrassSpotter). Species
displayed alphabetically.
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Table 1. Mangroves and seagrasses recorded for Seychelles based on Palacios et al. (2021)3.

Mangroves Seagrasses

Avicennia marina Cymodocea rotundata

Bruguiera gymnorrizha Cymnodocea serrulata

Ceriops tagal Enhalus acoroides

Lumnitzeria racemosa Halodule sp. [uninervis / wrightii] @
Rhizophora mucronata Halophila ovalis [minor] °
Sonneratia alba Halophila decipiens ©

Xylocarpus granatum Syringodium isoetifolium
Xylocarpus moluccensis Thalassia hemprichii

Thalassodendron ciliatum

a Several authors indicate Halodule wrightii does not occur in the region and has been misidentified with Halodule
uninervis.

b Halophila minor is often considered a member of Halophila ovalis complex.

¢ Halophila decipiens was recently confirmed in the region®, so few published records exist on its distribution.
Personal communication by Jeanne A. Mortimer during the workshop ‘The state of knowledge of seagrass
habitats in Seychelles’ in April 2020.
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Table 2. Existing information (to the best of our knowledge) on habitat extent of blue carbon ecosystems
in Seychelles. In bold is the information used to inform this assessment.

Spatial data

Ecosystem Area (ha) available? Reference Year | Region Study
1,087 Yes (UNEP) 2000 Global Giri et al. (2011)%°
104.7 Yes (UNEP) 2010 Global Bunting et al. (2018)**
110 Yes (UNEP) 2016 Global Bunting et al. (2018)%*
Hamilton and Casey
541 Yes (CGMEC-21) 2014 Global 12
Mangrove (2016)
forests Yes (at request Collation of
i 2
2,508 to the authors) local maps Seychelles Smith et al. (2020)
Yes (Dryad 1
1,720 repository) 2011 Aldabra Walton et al. (2019)
1,221 No 2018 Aldabra Constance et al. (2021)*
Yes (at request to . 6
26 the author) 2013 Port Launay Alcindor (2015)
- Yes (at request Collation of . )
2.1 million to the authors) local maps Seychelles Smith et al. (2020)
Seagrass 142,065 Unknown Unknown Seychelles Rowlands et al. (in
meadows ' y prep)*
119,963 Yes (UNEP) Collation of Global modelled  Jayathilake and Costello

available maps

distribution (2018)*3

* Rowlands GP, Antat S, Baez SK, Barri PM, Cupidon A, Faure A, Harlay J, Lee CB, Martin LEC, Morgan M,
Mortimer JA, Traganos D (in prep) The Seychelles Seagrass Mapping and Carbon Assessment. A report to be
submitted to the Ministry of Agriculture, Climate Change and Environment (MACCE).
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https://data.unep-wcmc.org/datasets/4
https://data.unep-wcmc.org/datasets/45
https://data.unep-wcmc.org/datasets/45
http://faculty.salisbury.edu/~sehamilton/mangroves/
https://datadryad.org/stash/dataset/doi:10.5061/dryad.8pf04d3
https://data.unep-wcmc.org/datasets/46

Table 3. Existing information on mean carbon stocks (tonnes Corg ha') for seagrasses and mangroves in
Seychelles*. In bold is the best mean carbon data available for each carbon pool and ecosystem in
Seychelles, which was used to inform this assessment.

Ecosystem Carbon Mean carbon stock
pool (tonnes Corg ha't)
AGC 59.3 WIO Palacios et al. (2021)3
BGC 46.3 WIO Palacios et al. (2021)3
A. marina: 103
C. tagal: 45.8 Aldabra Atoll Palacios et al. (2021)" based
AGC + . (Seychelles) on datle:from Constance
R. mucronata: 88.9 (2016)
BGC
Mixed forests: 109.1
Macreadie et al. (2021)°
92 based on data from Simard et
Seychelles al. (2019)*, which used the
mangrove extent developed
by Hamilton & Casey (2016)*?
Macreadie et al. (2021)°
Mangrove based on data from
Forests 644 Seychelles Sanderman et al. (2018)%,
which used the mangrove
extent developed by Giri et al.
(2011)*
SOC Global (IPCC
default value
386 for aggregated | IPCC (2014)*°
organic and
mineral soils)
369 wWIO Palacios et al. (2021)3
Mangrove UNESCO (2020)%° based on
total stocks AGC+BGC q;ata from Sllimard
(AGC + 462 Aldabra Atoll | & al. (2019)*, SOC data from
BGC + anderman et al. (2018). . and
SOC) mangrove extent from Giri et
al. (2011)*°
AGC 0.76 WI0 Palacios et al. (2021)3
BGC 2.21 WI0 Palacios et al. (2021)3
116 WIO Palacios et al. (2021)3
Macreadie et al. (2021)°
Seagrass based on the modelled
meadows SOC 144 Seychelles seagrass extent'® and SOC
predictions from Atwood et al.
(2020)%.
UNESCO (2020)?° based on
34 Aldabra carbon data from Tanzania ??

* Local on-ground measures of mangrove carbon stocks (Wartman et al. in prep) and seagrass carbon stocks
(Rowlands et al. in prep) are currently being generated to improve the accuracy of Seychelles’ blue carbon
estimates.

-Wartman M, Costa MDP, Palacios MM, Nourice B, Macreadie PI. (in prep) Blue carbon assessment for mangrove
systems in Seychelles. A report to be submitted to the Seychelles’ Department of Blue Economy. Deakin
University, Australia.

-Rowlands GP, Antat S, Baez SK, Barri PM, Cupidon A, Faure A, Harlay J, Lee CB, Martin LEC, Morgan M,
Mortimer JA, Traganos D (in prep) The Seychelles Seagrass Mapping and Carbon Assessment. A report to be
submitted to the Ministry of Agriculture, Climate Change and Environment (MACCE).
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Table 4. Estimated blue carbon stocks for each blue carbon ecosystem in Seychelles.

Ecosvstem Carbon pool Mean carbon stock Estimated carbon stocks
y P (tonnes Corg ha?) (tonnes Corg)

109.1
Mangrove AGC +BGC (mixed forests)’ 185,034
forests soc 369 3 625,824
AGC 0.763 107,969 - 1,596,000
Seagrass BGC 2213 313,964 - 4,641,000*
meadows
soc 1163 16,479,540 - 243 600,000*

*For seagrass meadows, we calculated both the upper and lower bound to account for existing uncertainties in the
seagrass distribution extent. The upper bound assumes a seagrass extent of 2.1 million ha 2, while the lower bound
143,000 ha (Rowlands et al. in prep*).

*Rowlands GP, Antat S, Baez SK, Barri PM, Cupidon A, Faure A, Harlay J, Lee CB, Martin LEC, Morgan M, Mortimer JA, Traganos
D (in prep) The Seychelles Seagrass Mapping and Carbon Assessment. A report to be submitted to the Ministry of Agriculture,
Climate Change and Environment (MACCE).
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APPENDIX B

Species-specific carbon stocks for mangroves in Port Launay in Seychelles

Using spatial data from Alcindor (2015)° for Port Launay, this example illustrates how the species-specific
distribution of mangroves can be combined with carbon stock data to improve blue carbon estimates in
Seychelles’ mangrove forests.

Total blue
Mangrove Mangrove Plant carbon Soil carbon carbon
species Area (ha) (tonnes C ha) (tonnes C hat) stocks
(tonnes C)
Avicennia
marina 1.45 103 369 684.40
Bruguiera 0.84 109* 369 425.42
gymnorhiza
Ceriops tagal - 2.00 45.8 369 829.60
Lumnitzera - 0.80 109+ 369 382.4
racemosa
Rhizophora 5.72 88.9 369 2,620.51
mucronata
Sonneratia alba - 6.99 109* 369 3,341
Xylocarpus 3.45 109+ 369 1,649
granatum
Mixed
vegetation
Dead
mangroves

Area: Includes species-specific mangrove cover estimated by Alcindor (2015)°

Plant carbon: Includes mean species-specific plant carbon stocks reported for Seychelles’. Values with asterisk
(*) are mean mangrove plant carbon stocks within the WIO?® due to lack of species-specific data for Seychelles.

Soil Carbon: Includes mean soil organic carbon (SOC) stocks for mangroves in the WIO3, since data is not
available for Seychelles.
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APPENDIX C

Long-term change in mangrove carbon stocks in Aldabra Atoll, Seychelles

Using spatial data from Constance et al. (2021)* for the Aldabra Atoll, this example demonstrates how
detailed data on the change in mangrove distribution can be combined with carbon stock datasets to
understand fluctuations in blue carbon through time.

Year

1997
2004
2009
2014
2018

Mangrove Area change | Plant stocks Soil stocks Total stocks
Area (ha) (GE)) (tonnes ha) (tonnes ha) (tonnes C)
1161 NA 109 369 554,958
1121 - 40 109 369 499,978
1552 431 109 369 547,772
1362 - 190 109 369 530,262
1221 -141 109 369 521,897

Since Aldabra Atoll is a restricted marine protected area, we assumed mangrove loss within the study
period was not due to human impact, but mostly related to changes in the environmental conditions that
led to declines in the mangrove vegetation®. For this analysis, we assumed that:

1.

Soil carbon stocks for 1997 were calculated by multiplying the mangrove area extent in that year
by the average carbon in mixed forests for Aldabra Atoll” (i.e., 109 tonnes per hectare). Then, we
estimated the area lost and gained between the different time steps.

If mangrove area was lost, we assumed that 40% of the living biomass would be lost and that soil
stocks would remain the same (i.e., no alteration). However, this is still an open question in blue
carbon science.

If the mangrove area increased between two-time steps, we assumed that the gained mangrove
area accumulated soil carbon following the global average rate of 1.89 tonnes of carbon per
hectare per year®.
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