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Executive Summary 

This study is a collaboration between the Seychelles Ministry of Fisheries and the Blue Economy 
and the University of British Columbia to better understand the implications of climate change on 
fisheries and coastal communities. The Republic of Seychelles is a global biodiversity hotspot, and 
healthy and productive marine ecosystems support the country’s economic pillars of the coastal 
tourism and fisheries sector. Amidst growing concerns of the impacts of climate change, insights 
on how fish stocks will be affected by changes in ocean conditions, and how vulnerability varies 
among coastal communities, will contribute to climate change planning.  

The objective of this study is to understand the risks posed by climate change to Seychelles’ 
fisheries sector and how climate-related impacts can be mitigated and adapted through 
development policy and management planning. We quantify changes in catch potential under 
climate change scenarios for key fisheries in Seychelles’ exclusive economic zone, and adapt a 
socioecological risk framework for assessing vulnerability at a national and subnational scale.  

Our findings suggest that climate change will affect different regions of Seychelles differently. 
The risk of marine heatwaves is projected to be highest in the southern region, while the northern 
region is projected to be more at risk from sea surface temperature rise.  Both these outcomes flag 
the northern and southern regions as priority areas for creating or enhancing habitat refugia in 
order to allow ecosystems to recover and build up the resilience required to withstand future 
climate impacts. The maximum catch potential of pelagic fish species is projected to drop 
drastically under a pessimistic green-house gas scenario, with potentially severe impacts on 
Seychelles’ economy.  

The impact of climate related changes in ocean conditions and marine biodiversity will have 
consequences on communities that depend on marine resources. The high contribution of fisheries 
to Seychelles’ economy and employment highlights the significant level of dependence on the 
sector for food security and economic benefits, and reinforces the urgency of climate adaptation 
solutions that are feasible for the unique context of small island nations. The subnational 
vulnerability assessment highlighted North Mahe as being particularly vulnerable to the effects of 
climate change in fisheries, while less populated islands such as Praslin and La Digue are less 
vulnerable. This vulnerability is driven in part by high reliance on fishing, and highlights the 
importance of innovation in reducing people’s reliance on marine resources as one way to increase 
resilience.  

This study underlines the need for countries to steer towards a sustainable pathway that reduces 
green-house gas emissions to achieve the goals of the Paris Agreement. A sustainable pathway is 
projected to  produce much less severe climate impacts on Seychelles’ coastal systems and 
fisheries, and thereby also reduce social-ecological vulnerability.  
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1. Context: climate change impacts on Seychelles’ marine and coastal 
ecosystems  

Healthy and productive marine ecosystems are crucial to The Republic of Seychelles, an 
archipelagic small island developing state of 115 islands in the Western Indian Ocean. The ocean 
supports coastal tourism and fisheries which are the main pillars of the national economy and 
central in Seychelles’ Blue Economy development agenda. To safeguard the country’s natural 
capital, particularly in the face of climate change, the Government of Seychelles is committed to 
protecting 30% of the country’s Exclusive Economic Zone (EEZ), a milestone which was achieved 
in 2020 through the development of a Marine Spatial Plan (MSP) which is for the entire EEZ of 
Seychelles. The planning for long-term sustainability of Seychelles’ oceans is underway with the 
Seychelles Marine Spatial Plan initiative. To support the Government’s policy initiatives which 
include the climate change adaptation and the blue economy objectives of the MSP, there was an 
identified need in addressing climate change in key sectors, such as fisheries, and the need for 
more timely understanding of climate impacts on fisheries and coastal ecosystems.  

A regional study of climate change and vulnerability in marine fisheries of Africa highlighted that 
the region will face more severe climate impacts than originally anticipated, adding to the 
vulnerability of marine dependent communities (World Bank 2019). In particular, the study found 
Seychelles to be at high socio-ecological risk of climate impacts; this warrants a closer 
examination of local climate impacts and vulnerability in Seychelles’ fisheries, which are not fully 
understood. To fulfill management plans for fisheries, including economically important and 
climate sensitive tuna fisheries, it is essential to fill existing knowledge gaps on the interaction of 
climate and fisheries.   

This study assesses the risks imposed by climate change on Seychelles’ marine and coastal waters 
and resources (Section 2), and on the human populations dependent on these (Section 3). The 
biophysical component assesses the recent past, projected future changes in physical and 
biogeochemical conditions in Seychelles’ EEZ, and examines the implications of these changes 
on  coastal reefs and biodiversity (fish species) that are important to coastal communities. The 
social-ecological component evaluates the projected economic impacts of climate change on 
fisheries, and the implications of climate risks in fisheries on dependent human systems. These 
assessments aim to contribute to the policy (Seychelles Fisheries Sector Policy and Strategy 2019) 
and legislative (Fisheries Act 2014, revised bill) frameworks for fisheries management in 
Seychelles. 

Fisheries are crucial to the national economy and socioeconomic well-being of communities in 
Seychelles. While tourism is the largest sector in terms of contribution to GDP and labor force, 
fisheries is important as the main source of foreign exchange income in Seychelles. Fisheries 
provide the dominant export commodity, on average, accounting for 93% of national exports in 
the period between 1987 to 2010 (MACCE 2024). With about 5,500 people employed directly or 
indirectly in 2012, fisheries account for about 12% of total formal employment, with 70% of 
workers involved in the industrial tuna fishery and ancillary services (MACCE 2024).  



6 

 

 

1.1 Marine fisheries of Seychelles  

Seychelles’ fisheries consist of the artisanal, semi-industrial, and industrial sectors. The artisanal 
sector is made up of domestic boats using hand lines, traps, and a variety of other gears, targeting 
demersal fish species in inshore areas and offshore banks, and valuable sea cucumber and lobster 
species. The semi-industrial longline fishery historically targeted swordfish, which shifted to 
yellowfin tuna in the last decade. The industrial sector is made up of the purse seine and longline 
fisheries. The former targets primarily surface swimming yellowfin (Thunnus albacares) and 
skipjack tuna (Katsuwonus pelamis), while the latter comprises foreign vessels licensed to fish in 
Seychelles and that primarily target large pelagic species such as bigeye (Thunnus obesus), 
yellowfin, and albacore tunas (Thunnus alalunga) and broadbill swordfish (Xiphias gladius) 
(Seychelles Fisheries Authority 2022).  

The industrial sector dominates the total fisheries catches (Fig.1). Sea Around Us marine fish catch 
data suggest that yellowfin (Thunnus albacares) and skipjack (Katsuwonus pelamis) are the 
dominant species in the total catch, accounting for 39% and 36% of the total catch in the period 
2010-2022 (Fig.2), respectively. This is followed by bigeye tuna (Thunnus obesus), which makes 
up 11% of the total 2010-2022 catch. Cumulatively, the top 10 species in the catch from 2010-
2022 made up 92% of total catch for the period.   Here, total catch refers to reported and unreported 
fish catches in the industrial, artisanal, subsistence, and recreational sectors (Pauly et al. 2021). 
Note that the Sea Around Us statistics for Seychelles has been corrected as of June 2024 and is 
now consistent with national catch statistics. Tunas (yellowfin, skipjack, bigeye, and albacore) are 
the dominant species caught by both the industrial purse seine and longline fleets according to 
national statistics (Fig. 3a). For the period 2012-2022, both yellowfin and skipjack made up on 
average 46% each of total annual purse seine catch. However, the contribution of yellowfin to the 
total purse seine catch progressively decreased since 2012, whereas the contribution of skipjack 
increased. Bigeye made up, on average, 7% of total purse seine annual catch for 2012-2022, while 
albacore made up less than 1% (Seychelles Fishing Authority 2022). In contrast, bigeye made up 
a large proportion (46%) of the total annual average catch for the industrial longline fleet for 2012-
2022. This was followed by yellowfin, swordfish, shark, and marlin, which contributed on average 
30%, 8%, 7%, and 6% to total annual average catch, respectively. Total annual industrial catch in 
Seychelles’ EEZ by the purse seine and longline fleets averaged 83,160 tonnes per year for 2012-
2022, with the largest catch of 125,470 tonnes obtained in 2022. In recent years, total catch from 
Seychelles’ EEZ has exceeded 100,000 tonnes per year, except for 2021 when it dipped to around 
63,000 tonnes (Fig.3b). The industrial sector dominates total catch, accounting for around 93% of 
annual catch. 
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Figure 1. Marine fisheries catch from Seychelles’ EEZ 1950-2022 from artisanal (dark blue) and 
industrial (orange). Subsistence and recreational catches are also present but the values are too 
small to show on the graph. Data are from Sea Around Us (https://www.seaaroundus.org) and 
include both reported and reconstructed catches. 

 

Figure 2. Annual catches of the top 10 species that made up 92% of total catches in 2010-2022. 
Data are from Sea Around Us (www.seaaroundus.org) and include both reported and reconstructed 
catches. 
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Figure 3. Seychelles catch data (in x1000 metric tonnes). A) Composition of industrial catches 
caught in Seychelles’ EEZ from 2012-2022. Source: SFA Fisheries Bulletin 2022. B) Total annual 
catch taken from Seychelles’ EEZ by all fishing sectors. Source: Seychelles Fishing Authority 
(2022). Note that artisanal catch for 2022 was an average of 2019-2021 as there was no data 
reported for 2022.  

Heavy exploitation has led to the decline of a number of key species of ecological and 
socioeconomic importance to Seychelles. Stock assessments indicate that the three demersal 
indicator species emperor red snapper (Lutjanus sebae), brownspotted grouper (Epinephelus 
chlorostigma), and green jobfish (Aprion virescens), are subject to overfishing (assessment period 
2019), as are commercially important tuna species such as yellowfin and bigeye tunas (SFA 2023). 
On the other hand, the Indian Ocean (FAO areas 51 and 57) skipjack and albacore are assessed as 
not subject to overfishing (ICCAT 2022; IOTC 2022). 
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While fisheries in Seychelles face multiple anthropogenic stressors, studies have highlighted the 
potentially high impact and risks of climate change on marine biodiversity and fisheries in the 
region (Cheung et al. 2021; Tittensor et al. 2021; Kibria et al. 2017). The Indian Ocean is 
experiencing significant warming with increases in sea surface temperatures in most regions 
averaging 0.4-0.5oC over a 21-year period from 1998-2019 (Dalpadado et al. 2021). The projected 
poleward shift of marine species because of warmer water temperatures and changes in other 
environmental variables including oxygen concentration, salinity, ocean acidity and advection 
under climate change would lead to declines in the biomass and catch potential in tropical regions 
(Cheung et al. 2010, Cheung et al. 2013; Tittensor et al. 2021). This is of particular concern to the 
tuna fishery in Seychelles as past declines in fish catch in other Western Indian Ocean countries 
have been partially attributed to changes in sea surface temperatures (Horne-Sparboth et al. 2015). 
Future changes in sea temperatures may thus have the potential to drive key tuna species out of 
Seychelles’ EEZ.  

Globally, coral reefs that support reef fisheries are extremely vulnerable to changes in ocean 
conditions, especially ocean warming and acidification (Cornwall et al. 2021). Regionally, coral 
reefs in the Western Indian Ocean were found to be vulnerable to ecosystem collapse from 
combined climate and anthropogenic drivers (Obura et al. 2022). The 1997-1998 warming event 
of the Indian Ocean caused coral bleaching in Seychelles (Spencer et al. 2000). This was followed 
by anomalously high temperatures in 2016 that caused  widespread bleaching and decline in hard 
coral cover in 2017 (Gadoutsis et al. 2019). These events impacted  the coral species composition 
of reefs in Seychelles (Harris et al. 2014) and resulted in biomass declines, notably in shallow reefs 
(Koester et al. 2023). At an ecoregion level, the coral reefs in outer Seychelles were assessed to be 
at the highest level of risk to collapse due to future warming (Obura et al. 2022). This will be 
potentially detrimental to Seychelles’ demersal fisheries and tourism sector that are dependent on 
healthy coral reefs. Climate change thus directly and indirectly threatens fishery-based livelihoods; 
however, understanding of the magnitude of impact at local scales is currently limited, as is 
understanding of combined climate risks in the ecological and socioeconomic dimensions of 
marine resource dependent communities. The following sections present analyses that aim to fill 
these knowledge gaps.  
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2. Projecting impact of climate change on marine ecosystems and fisheries 
resources  

2.1 Climate Change Scenarios 

Climate modeling institutions worldwide generate distinct climate models, each focusing on 
specific processes or locations. Approximately every half-decade, the global climate modeling 
community convenes to employ the most up-to-date iterations of their climate and Earth system 
models in a synchronized set of model simulations. The collective outcomes of these models 
provide substantial support for various studies and initiatives related to climate change effects and 
adaptation strategies, including public education and outreach. A standardized scenario and 
experimental framework enables scientists to calculate statistical measures over the entire set of 
models, resulting in more resilient forecasts and measuring confidence or uncertainty in such 
forecasts.  

Examples of climate models that will be used throughout the reports include the GFDL 
(Geophysical Fluid Dynamics Laboratory) and IPSL (Institut Pierre-Simon Laplace) models. The 
GFDL and IPSL models are both sophisticated Earth system models used for climate projections, 
but they differ in their design and focus. The GFDL model emphasizes high-resolution physical 
simulations of the atmosphere, ocean, and land surface, which include detailed representations of 
processes like ocean mixing, sea ice dynamics, and terrestrial ecology. This allows for more 
precise regional climate projections and a detailed understanding of physical climate processes 
(Dunne at al 2020). 

In contrast, the IPSL model incorporates a broader range of components, including biogeochemical 
cycles, atmospheric chemistry, and aerosol dynamics. This model is particularly focused on 
integrating multiple Earth system processes to address long-term climate variability and feedback 
mechanisms. It often includes configurations that allow for the simulation of specific hypotheses 
and historical climate conditions, making it well-suited for comprehensive studies of climate 
system interactions over extended timescales (Defresne et al 2013, Boucher et al 2020). Generally, 
the IPSL model tends to project more severe climate change scenarios compared to the GFDL 
model.  

The Coupled Model Intercomparison Project (CMIP) is an international collaborative framework 
designed to develop these scenarios and experimental frameworks and improve our understanding 
of climate change by comparing climate models from different research centers worldwide. It 
provides standardized simulations of past, present, and future climate conditions, enabling 
comprehensive assessments of model performance and facilitating climate projections for 
scientific and policy applications. (Eyring et al 2016). 

In this report, we use scenario frameworks that have been developed for Phase 6 of CMIP 
(CMIP6). These frameworks include the Shared Socio-economic Pathways (SSP) and 
Representative Concentration Pathways (RCP). 
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2.1.1 Shared Socio-economic Pathways (SSPs) 
The latest iteration of scenarios used for CMIP6 (2016-2021) and featured in the 
Intergovernmental Panel on Climate Change (IPCC) Sixth Assessment Report (AR6) (2021) are 
based on a set of Shared Socio-economic Pathways (SSPs). These SSPs are the most complex 
created to date, spanning a range from ambitious mitigation to ongoing growth in emissions (Riahi 
et al. 2017). The most ambitious mitigation scenario was specifically designed to align with the 
low end of the Paris Agreement global temperature goal of holding the increase in global 
temperature to well below 2°C above pre-industrial levels. SSPs combine elements from the new 
narratives about future societal development (SSPs) with the previous iteration of scenarios, the 
Representative Concentration Pathways (RPCs), which describe trajectories of change in 
atmospheric greenhouse gas and aerosol concentrations (and corresponding changes in radiative 
forcing) over time. Five SSPs were created, with varying assumptions about human developments, 
including population, education, urbanization, GDP, economic growth, rate of technological 
developments, greenhouse gas and aerosol emissions, energy supply and demand, land-use 
changes, etc. 

The SSPs comprise five narratives describing alternative socioeconomic futures: 

● SSP1 (Sustainability): A world shifting towards sustainability, lower resource intensity, 
and reduced inequalities;  

● SSP2 (Middle of the Road): Continuation of current societal, economic, and technological 
trends;  

● SSP3 (Regional Rivalry): Resurgent nationalism, regional conflicts, and lack of global 
cooperation;  

● SSP4 (Inequality): Increasing inequalities and stratification within and across countries;  
● SSP5 (Fossil-fueled Development): Rapid economic growth, fossil-fuel intensive 

lifestyles, and exploitation of abundant fossil fuel resources.  

The SSPs serve as baselines without any specific climate policies or mitigation efforts. They 
provide the socioeconomic context and assumptions about drivers of greenhouse gas emissions 
like energy use, land use change, and air pollution.  

2.1.2 Representative Concentration Pathways (RCPs) 

The SSPs were designed to work in combination with an updated version of the RCPs (Riahi et al. 
2017), which define stabilized radiative forcings at the end of the 21st century and the level of 
climate change policy required for a particular SSP to reach said forcing. The RCPs represent 
different trajectories of future greenhouse gas concentrations and associated radiative forcing 
levels, measured in Watts per square meter (W/m²). The main RCPs used are: 

● RCP2.6 (low emissions, ~2.6 W/m² in 2100). This scenario indicates global average 
warming levels of 0.9 to 2.3°C by 2090. 

● RCP4.5 (intermediate emissions,~4.5 W/m² in 2100). This scenario indicates global 
average warming levels of 1.7 to 3.2°C by 2090. 

● RCP8.5 (high emissions, ~8.5 W/m² in 2100). This scenario indicates global average 
warming levels of 3.2 to 5.4°C by 2090. 
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The RCPs specify the resulting climate forcing from greenhouse gasses, aerosols, and other drivers 
based on emissions scenarios. In addition, there are RCP1.9, RCP6.0 and RCP7.0 scenarios that 
help provide a more comprehensive range of potential future climate scenarios; however, these 
scenarios are not assessed in this study.  

2.1.3 Integration in CMIP6 

In CMIP6, the SSPs and RCPs are combined to form integrated scenarios like SSP1-2.6, SSP2-
4.5, SSP5-8.5, etc. The SSP component provides the socioeconomic assumptions driving 
emissions, while the RCP component specifies the resulting radiative forcing level. This coupled 
SSP-RCP framework allows climate models to explore how different societal development 
pathways (SSPs) lead to various greenhouse gas emissions trajectories and climate outcomes 
(RCPs). It enables a comprehensive assessment of climate change risks, impacts, and policy 
options across diverse socioeconomic futures. In this study, we choose to focus on SSP1-2.6, 
SSP2-4.5 and SSP5-8.5 scenarios that provide a wide spectrum of potential futures for our 
assessment (Table 1). 

Table 1. Summary of three SSP-RCP scenarios used in this study. 

Scenario Socioeconomic 
Narrative 

Radiative 
Forcing in 2100 

Description 

SSP1-2.6 Sustainable 
development 

2.6 W/m² An update of RCP2.6, this is a low 
emissions scenario requiring 
mitigation to meet the 2°C target.  

SSP2-4.5 Middle of the road 
development 

4.5 W/m² A moderate emissions scenario, an 
update of RCP4.5 without explicit 
climate policies.  

SSP5-8.5 Fossil-fueled 
development 

8.5 W/m² The highest emissions scenario 
(worst case scenario), an update of 
RCP8.5 with no mitigation policies.  

2.2 Changing ocean conditions in Seychelles 

This section analyzes changes in ocean climatic hazards that are most relevant to marine 
ecosystems and fisheries in Seychelles. In this report, we focus on two variables including seawater 
temperature (surface and bottom) and salinity (surface and bottom). High temperature extremes 
are posing serious hazards on biogenic habitats such as coral reefs and other marine species that 
are important to Seychelles’ fisheries (Cheung et al. 2021).  This section also presents projected 
future changes in mean temperature and salinity under climate change scenarios. In this report, we 
provide graphs of seawater temperature and salinity, while the rest of the variables can be found 
in Appendix E. These biogeochemical variables are used in modeling climate impacts on marine 
species and fisheries. 
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We employed two sources of environmental data with different resolutions: (1) the Bio-Oracle 
data at a spatial resolution of 5 arcmin latitude x 5 arcmin longitude (approximately 9.2 km at the 
equator, see Appendix B for details); and (2) Earth system models that participated in the Coupled 
Model Intercomparison Project Phase 6 (CMIP6; Eyring et al. 2016). For the Earth system models, 
the ocean component has a horizontal spatial resolution of typically about 0.5° x 0.5° latitude and 
longitude.  

2.2.1 Historical and projected marine heatwaves (MHW) 

We analyzed changes in sea surface temperature in the recent past using publicly available 
Advanced Very High Resolution Radiometer satellite data (AVHRR). We used the 0.25 o latitude 
x 0.25 o longitude (approximately 27.83 x 27.83 km) resolution satellite-based sea surface 
temperature dataset spanning the period from January 1982 to December 2021 (Reynolds et al. 
2007; Banzon et al. 2020). We calculated the average monthly sea surface temperature across the 
Seychelles’ EEZ during this period. 

Using the AVHRR data, we calculated degree-heating days by year as an index of marine 
heatwaves. Here, a marine heatwave is defined here as the annual average temperature exceeding 
the 90th percentile of the climatological (1982-2011) average temperature (Fig. 4). We 
characterized MHW by calculating degree-heating days i.e., cumulative daily temperature above 
historical threshold in a year. 

Average sea surface temperature in the Seychelles' EEZ from 1981 to 2021 decreased by an 
average of 0.00827 oC decade-1 (Fig. 4A). The frequency/intensity of marine heatwaves from 1982 
to 2021 shows strong signatures from major climatic and oceanographic variabilities such as El 
Niño Southern Oscillation (ENSO) events (Fig. 4B). Specifically, Degree-Heating Days exceed 
the long-term mean trends during strong El Niño years of 1982-1983, 1997-1998 and 2015-2016. 

 

Figure 4. Average changes in temperature and marine heatwaves in the Seychelles’ EEZ. (A) 
average monthly sea surface temperature and (B) marine heatwaves intensity expressed as Degree-
Heating Days. The blue lines and the gray areas represent the mean trend and its standard deviation 
estimated from a linear regression of the time-series of sea surface temperature and degree-heating 
days. 
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Marine heat waves in the Seychelles EEZ are projected to increase in the 21st century under 
climate change. Under the SSP1-2.6 scenario, degree-heating days are projected to increase by 2.6 
times based on outputs from the Geophysical Fluid Dynamics Laboratory (GFDL) model by 2081-
2100 relative to 1982-2021 under SSP1-2.6 (Fig. 5). In contrast, under the SSP5-8.5 scenario, 
Degree-Heating Days are projected to increase by 11.9 times based on outputs from GFDL during 
the same time period (Fig. 5). Outputs from the Institut Pierre-Simon Laplace (IPSL) model are 
presented in Appendix B (Fig. B1, B2) to provide the range of degree-heating days that are 
projected under different model parameters.  

The spatial exposure of Seychelles’ EEZ to marine heatwaves (MHW) varied spatially and over 
different time periods (Fig. 6). Generally, since 2000, the northern part of Seychelles’ EEZ (north 
of 5 oS) has been exposed to less intense marine heatwaves compared to the central and southern 
parts (south of 5oS). Particularly, between 1982 – 2000, the northern EEZ was exposed to 
substantially higher number of degree-heating months compared to those in the south (Fig. 6). 
These include areas within Seychelles’ EEZ with known occurrences of corals. 

Similar to the rest of Seychelles’ EEZ, coral-occurring areas are projected to be exposed to large 
increases in degree-heating days (Fig. 7). For example, using outputs from the GFDL model under 
SSP5-8.5 scenario, degree-heating days in coral-occurring spatial cells are projected to increase 
by 9 times by 2081-2100 relative to 2014-2021. Climate change is projected to intensify MHWs 
in Seychelles’ EEZs (Fig. 8). Under the high emissions scenario (SSP5-8.5), the entire EEZ is 
projected to experience year-round MHWs towards the second half of the 21st century regardless 
of the Earth system models.  

 

Figure 5. Marine heat waves intensity expressed as Degree-Heating Days. The blue, and red lines 
represent the SSP1-2.6 scenario, and SSP5-8.5 scenario, respectively for the Geophysical Fluid 
Dynamics Laboratory (GFDL) model.  
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Figure 9. Sea surface temperature in the recent past (2000-2010) and their projected changes by 
the mid- (2040-2050) and end-of (2090-2100) 21st century under three emissions scenarios. The 
scenarios and time-frames include SSP1-2.6 (1st column), SSP2-4.5 (2nd column), and SSP5-8.5 
(3rd column) for the mid-21st century (2nd row) and the end of 21st century (3rd row). Black solid 
line is Seychelles’ EEZ. 
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Figure 10. Bottom sea water temperature in the recent past (2000-2010) and their projected 
changes by the mid- (2040-2050) and end-of (2090-2100) 21st century under three emissions 
scenarios. The scenarios and time-frames include SSP1-2.6 (1st column), SSP2-4.5 (2nd column), 
and SSP5-8.5 (3rd column) for the mid-21st century (2nd row) and the end of 21st century (3rd row). 
Black solid line is Seychelles’ EEZ. 
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Figure 11. Sea surface salinity in the recent past (2000-2010) and their projected changes by the 
mid- (2040-2050) and end-of (2090-2100) 21st century under three emissions scenarios. The 
scenarios and time-frames include SSP1-2.6 (1st column), SSP2-4.5 (2nd column), and SSP5-8.5 
(3rd column) for the mid-21st century (2nd row) and the end of 21st century (3rd row). Black solid 
line is Seychelles’ EEZ. 
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Figure 12. Bottom seawater salinity in the recent past (2000-2010) and their projected changes by 
the mid- (2040-2050) and end-of (2090-2100) 21st century under three emissions scenarios. The 
scenarios and time-frames include SSP1-2.6 (1st column), SSP2-4.5 (2nd column), and SSP5-8.5 
(3rd column) for the mid-21st century (2nd row) and the end of 21st century (3rd row). Black solid 
line is Seychelles’ EEZ.
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2.3 Climate impacts on habitat suitability and species distribution 

Focal marine species in this study (Appendix C) are derived from lists of commonly caught species 
in Seychelles’ artisanal and industrial fishing sectors (as shared by Seychelles Fisheries Research 
Department), and from the Sea Around Us marine fish catch database. The Sea Around us database 
estimates total reported and unreported marine fisheries catches based on nationally reported fish 
catches to the FAO. We extracted the top 50 species with highest catches in the 2000s period for 
inclusion in this study. For groups that are aggregated at higher taxonomic levels (genus or above), 
we identify the main representative species for the group based on published literature and 
consultation with fisheries experts in Seychelles. A total of 70 species were included in the study, 
of which 64 species were successfully used for modeling species distribution (Table C1). 

An environmental niche modeling technique is used to estimate the distributions of the focal 
marine species in the present and the future (Austin 1985). This technique predicts the possible 
distribution of marine species based on current and projected ocean conditions by quantifying their 
preferences for particular environments (e.g., environmental factors). The predicted distribution is 
indicated by the Habitat Suitability Index (HSI) that represents the suitability of a given habitat for 
a species.  

We predicted HSI for each focal species using gridded occurrence and environmental data. For the 
modeling process, gridded occurrences are utilized as training datasets when there are more than 
30 recordings that are independent in both location and time. Only geographic cells in the ocean 
that are recognized by different known ecological attributes of the species (habitat, depth range, 
basin) obtained from FishBase and refined by IUCN expert range maps (www.iucnredlist.org) 
where available are used to compute the projected species distribution. IUCN expert range maps 
show the geographical distribution of a species as assessed by experts in the field of conservation. 

The list of environmental variables used in the analysis is provided in Table 2. Surface variables 
were used to model pelagic species, while sea bottom environmental variables were used to 
represent benthic species. Habitat preference information was gathered from FishBase 
(fishbase.org). 

To address the structural uncertainty of different modeling approaches, we employ seven Species 
Distribution Model (SDM) approaches (GBM, CTA, ANN, MARS, RF, MAXNET and 
XGBOOST) from the biomod2 package in R (Thuiller et al. 2016). Presenting the results from one 
model would require the assumption that specific models are more credible than the others (i.e., it 
has fewer biases, lower variability, and therefore greater reliability). As the climate system is 
complex, current evidence indicates that it remains fundamentally impossible to describe all of the 
climate’s processes in a single model, no matter how complex the model is, with developers 
making choices with regards to what processes to include (and which to exclude) and how to 
parameterize them. As a consequence, an ensemble of several models is recommended to better 
account for structural and other uncertainties over time (Krishnamurti et al. 2000; Tebaldi et al. 
2007). Specific modeling procedures follow the method described in Reygondeau (2019).  

Each Species Distribution Model (SDM) is assessed using cross-validation, which reserves thirty 
percent of the training set for validation. Model performance is evaluated using metrics such as 
the True Skill Statistic (TSS) and the area under the Receiver Operating Characteristic (ROC) 
curve (AUC). A suitable threshold for species occurrence is determined based on the TSS and the 
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sensitivity-specificity sum maximization approach. A species is considered present if the model's 
forecast is equal to or exceeds this threshold. 

Probabilities from the selected models are first transformed into binary data according to the 
thresholds that maximize the evaluation metric score over the testing dataset. The committee 
averaging score is then obtained by averaging these binary predictions, where each model casts a 
vote for the species to be present (1) or absent (0). The total number of votes is divided by the 
number of models, providing both a prediction and a measure of uncertainty. A prediction close to 
0 or 1 indicates strong model agreement on the species' absence or presence, respectively. The 
estimated number of species in each grid cell is then summed to determine species richness for 
each time period. 

Table 2. List of the environmental variables used in the study. 
Habitat Pelagic, 

Pelagic-oceanic, 
Bathypelagic, 
Pelagic-neritic 

Reef-associated, 
Benthic,  
Demersal, 
Benthopelagic 

Layer Surface Benthic 
Dissolved oxygen concentration (mmol∙m-3) x x 
Mixed layer depth (m) x  
Nitrate concentration (mmol∙m-3) x x 
Ocean temperature (C) x x 
pH x x 
Phosphate concentration (mmol∙m-3) x x 
Total phytoplankton concentration (mmol∙m-3) x x 
Salinity x x 
Sea-water velocity (m∙s-1) x x 
Average depth (m)  x 
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Figure 15. Map of predicted species richness (SR). SR is calculated from the number of focal 
species predicted to occur in a spatial cell based on the ensemble-mean predictions from the 44 
Species Distribution Models. The total number of modeled species is 48. Black solid line 
represents Seychelles’ EEZ. 

The trend in habitat suitability index (HSI) resembled the one of SR with highest HSI values found 
along the island in proximity to land or shallow waters (Fig. 16). Changes in HSI begin with more 
significant declines in the northeastern portion by mid-century, while coastal areas experience 
smaller declines in HSI, likely due to a larger number of modeled species present there. Since 
pelagic waters harbor fewer species, the change in HSI appears more pronounced when expressed 
as a percentage change. By end-century, these patterns intensify under SSP5-8.5, with substantial 
habitat suitability losses across the entire EEZ. 
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Figure 16. Sum of habitat suitability index (HSI) for present (1st row) and change in HSI in relation 
to present state for three SSP scenarios: SSP1-2.6 (1st column), SSP2-4.5 (2nd column), and SSP5-
8.5 (3rd column) for mid-century (2040-2050; 2nd row) and end of the century (2080-2100; 3rd row) 
periods. Black solid line is Seychelles’ EEZ.  

Subsequently, potential changes in marine biodiversity driven by climate change are assessed 
using three indices (Jones and Cheung 2015): 

1. local species extinction: number of species that are absent from a geographic area in a given 
period in comparison to the species richness during the reference period (present day); 

2. local species invasion: The number of newly occurring species in a given period in 
comparison to the species richness during the reference period (present day); 

3. species turnover rate: sum of the newly occurring and extinct species in a given area as a 
percentage of the total number of species in that area during the reference period. Also 
known as beta diversity, is a measure in ecology that shows the change in species 
composition between different habitats over time. 
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These metrics are calculated for each time period (2040–2050 and 2090-2100, respectively, 
denoting the middle and end of the 21st century), in each of the SSP1-2.6, SSP2-4.5 and SSP5-8.5 
scenarios. Maps of species turnover and local extinction are created (invasions rate were very low, 
so no map is shown). The maps of the Seychelles EEZ under different climate change scenarios 
reveal varying spatial patterns of local extinction risks (Fig.17). By mid-century, under the low 
emission SSP1-2.6 scenario, the northern and central regions around the main islands (Mahé, 
Praslin, and La Digue) show moderate local extinction rates, while the southeastern part of the 
EEZ experiences low extinction rates. In the medium emission SSP2-4.5 scenario, the central 
region around the main islands and the southeastern part of the EEZ exhibit increased extinction 
rates. The high emission SSP5-8.5 scenario shows severe risks across the EEZ, especially affecting 
the central region around the main islands and extending to the southeastern areas, with high 
extinction rates. By the end of the century, these patterns become more pronounced with high 
extinction rates projected with SPP2-4.5 and SSP5-8.5 scenarios.  

 

Figure 17. Species local extinction for 3 scenarios: SSP1-2.6 (1st column), SSP2-4.5 (2nd column), 
and SSP5-8.5 (3rd column) for mid-century (2040-2050; 1st row) and end of the century (2090-
2100; 2nd row) periods. Black solid line is Seychelles' EEZ.  

By mid-century, under the low emission SSP1-2.6 scenario, the central part of the EEZ, which 
includes the area around the main islands (Mahé, Praslin, and La Digue), shows moderate species 
turnover rates (Fig. 18), while the southeastern part, extending towards the Farquhar Group and 
Alphonse Group, exhibits higher turnover rates. These changes are amplified as we switch to more 
worse-case scenarios. By the end of the century, these patterns become more pronounced. The 
SSP1-2.6 scenario continues to show moderate to high turnover rates, with the central region 
around the main islands and northern areas slightly more affected. The SSP2-4.5 scenario exhibits 
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widespread high turnover rates, particularly in the central region around the main islands, northern, 
and southeastern areas. The SSP5-8.5 scenario indicates the highest turnover rates, with extensive 
high rates (>40%) across the central region around the main islands and the southeastern areas.  

 

Figure 18. Species turnover rate for 3 scenarios: SSP1-2.6 (1st column), SSP2-4.5 (2nd column), 
and SSP5-8.5 (3rd column) for mid-century (2040-2050; 1st row) and end of the century (2090-
2100; 2nd row) periods. Black solid line is Seychelles' EEZ.  

2.3 Climate risk to marine species in the Seychelles Exclusive Economic Zone (EEZ)  

We will assess the climate risk of the focal species using a fuzzy logic climate risk index (Cheung 
et al. 2018; Jones and Cheung 2018). In this risk assessment framework, climate risk consists of 
three components: exposure to climate hazards, sensitivity to climate hazards, and species capacity 
to adapt to climate changes (Fig.19). Exposure is the nature and degree to which a species might 
be subjected to climate hazards (predicted changes in physical environment). Sensitivity refers to 
the degree to which species are sensitive to any changes in the environment they experience as a 
result of climate change. Adaptive capacity is the ability of species to respond and adjust to 
changes from climate stresses, and to cope with, and recover from these. Components are described 
by a specific set of variables accounting for changes in ocean conditions, biological characteristics 
of the selected priority species in relation to their sensitivity to environmental changes, and the 
likelihood a species may reduce its sensitivity to climate change through rapid adaptation (via 
evolutionary or phenotypic changes) (Table 3). 
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Table 3. Variables that were used to define a species’ exposure to climate hazards, its sensitivity 
to these hazards and its adaptive capacity. 

Risk Component Variables Data Sources 
Exposure Temperature, oxygen 

concentration, pH and net 
primary productivity (surface 
and bottom) 

Earth system models projections: 
GFDL-ESM-2G; IPSL-CM6-MR; 
MPI-ESM-MR 

Sensitivity temperature preference, 
asymptotic/maximum body 
length, habitat (particularly with 
association to coral reef), 
taxonomic group 

FishBase (www.fishbase.org) and 
SealifeBase (www.sealifebase.org) 

Adaptive Capacity latitudinal range, bathymetry 
range, fecundity and habitat 
specificity 

FishBase (www.fishbase.org), 
SealifeBase (www.sealifebase.org) 
and Sea Around Us 
(www.seaaroundus.org) 

Actions defined by each rule are operated when a threshold value of membership is exceeded, 
thereby defining the minimum required membership for a particular rule to be activated. The 
algorithm accumulates the degree of membership associated with each level of conclusions from 
the rules using an algorithm called MYCIN (Cheung et al. 2005), where: 

AccMem (i+1) = AccMem (i) + Membership(i+1) x (1 - AccMem (i)) 

where AccMem is the accumulated membership of a particular conclusion (e.g., high vulnerability) 
and i denotes one of the rules that has led to this conclusion. 

Vulnerability and risk of impacts are expressed on a scale from 1 to 100, 100 being the most 
vulnerable. Index values (Indval) correspond to each linguistic vulnerability category (x) where 
Low = 1, Medium = 25, High = 75 and Very high = 100. The final index (FlnInd) of risk of impacts 
or vulnerability is calculated from the average of the index values weighted by their accumulated 
membership (Cheung et al. 2005). For the risk of impact index, FlnInd is calculated for each 
spatial grid cell within the distribution of the species. The risk of impact for each species is then 
calculated as the average FlnInd across grid cells weighted by a cell’s marine surface area. 

We conducted predictive analyses on the exposure and risk indices of different fisheries targeting 
species in Seychelles under the climatic scenarios, as depicted in the Fig 20. Our analysis indicates 
that climate change poses significant challenges and uncertainties to the local fisheries based on 
the risk assessment of fishing species. We observed the variations of the proportion of the species 
with high risk and very high risk under the impacts of climate change, targeted by different vessels. 
All the species’ risk indexes are classified as high and very high risk in the Seychelles EEZ (risk 
index < 75 is very high risk, and 50~75 is high risk). Within the artisanal fishing sector, the 
proportion of high-risk species increased from 87% to 90% under the SSP1-2.6 scenario and from 
87% to 99% under the SSP5-8.5 scenario, during the period 2050-2100. Similar trends are 
predicted in the industrial fishing sector. However, in the semi-industrial sector, all target species 
are classified as very high risk across the two climatic scenarios.  
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2. An index of habitat suitability is estimated for each species in each spatial cell based on 
temperature (bottom and surface temperature for demersal and pelagic species, 
respectively), bathymetry, specific habitats, salinity and sea ice, with 30-year averages of 
outputs from 1971-2000 from Earth system models (the coarser global models). DBEM 
estimates the temperature preference profile (TPP) of each species by overlaying estimated 
species distributions with annual seawater temperature, and calculated from the area-
corrected distribution of relative abundance across temperature for each year from 1971 to 
2000, subsequently averaging annual temperature preference profiles (TPP). The estimated 
TPP is used to predict the thermal physiological performance of a species (aerobic scope) 
in each area. 

3. Population carrying capacity in each spatial cell is a function of the unfished biomass of 
the population, habitat suitability (as defined by HSI), and net primary production. We 
assume that the average of the top-10 annual catches was roughly equal to the maximum 
sustainable yield of the species.  

4. DBEM calculates a characteristic weight representing the average mass of the population 
in a cell. The model then simulates how changes in temperature and oxygen would affect 
growth and body size of individuals using a sub-model derived from a generalized von 
Bertalanffy growth function.  

5. The model simulates changes in relative abundance and biomass of a species based on 
changes in population carrying capacity, intrinsic population growth, and the advection-
diffusion of adults and larvae in the population driven by ocean conditions projected from 
the Earth system models. Movement and dispersal of adults and larvae are modeled through 
advection-diffusion- reaction equations for larvae and adult stages. Larval movement is 
partly determined by species’ predicted pelagic larval duration. Population growth is 
represented by a logistic function.  

6. MCP from each population is predicted by applying a fishing mortality rate at the level 
required to achieve maximum sustainable yield.  

For each simulation, changes in total annual MCP by mid-century (2050: 2041-2060) and relative 
to 2000 (1996-2015) under SSP1-2.6, SSP2-4.5 and SSP5-8.5 will be calculated for subregions of 
Seychelles’ EEZ. In total, the data were available for 37 species (Table C1).  

MCP values fluctuated around the mean of the reference period (1996-2015) until 2060 (Fig. 23). 
However, post-2050, the projections begin to diverge significantly. Under the SSP1-2.6 scenario, 
the mean MCP is projected to remain unchanged relative to the reference period. In contrast, the 
SSP5-8.5 scenario predicts a steep decline in MCP, plummeting by nearly 80% from 2060 to 2090, 
and then maintaining this reduced level of -80% by the year 2100. The changes in MCP under the 
SSP2-4.5 scenario are expected to decline but to a lesser extent than in SSP5-8.5, and could 
decrease by approximately 20% by the year 2100. 

The rapid drop in MCP in SSP5-8.5 scenario can be explained by the development of 
unprecedented climate conditions, which are dissimilar to any past or present environmental states 
(Reygondeau et al. 2020). Termed as the No-Analog BGCPs State (NABS), these unique 
environmental conditions are expected to proliferate in the second half of the century, growing at 
a pace of approximately 4.3 million square kilometers every decade, which is about 1.2% of the 
world's oceanic area. 
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Figure 23: Change in maximum catch potential (in %) for three SSP scenarios (SSP1-2.6, SSP2-
4.5 and SSP5-8.5) as projected by the IPSL-CM6A-LR and GFDL-ESM4 models for pelagic and 
reef-associated species. The shaded regions in the time series plots represent the minimum and 
maximum values observed between the two models.  

When disaggregated by pelagic and reef-associated species, different trends in projected MCP 
emerge (Fig. 24). The potential catch of pelagic species follows a similar trajectory of total species 
MCP, fluctuating around the mean of the reference to mid-century before declining steeply in the 
SSP5-8.5 scenario. The trend in reef species is less clearly visible, however by the end of the 
century slight increases in MCP are projected under all three scenarios, with gains of about 3% 
under the pessimistic SSP5-8.5 scenario and just under 4% in the middle-of-the-road SSP2-4.5 
scenario.  

It is important to note that in this work, reef habitat degradation was not taken into account due to 
the lack of future projections of changes in coral reefs caused by human activities on a global scale. 
The changes projected for reef-associated species result from the modeled environmental variables 
or the biological characteristics of the species. The analysis uses MCP as a proxy for maximum 
sustainable yield. However, it's important to note that several factors influence the actual catch 
(harvest). Key among these is the fishing intensity and the exploitation status of the stock. In this 
study, fishing was maintained at levels required to achieve Maximum Sustainable Yield (MSY) 
across the entire time frame. This approach allows for isolating and identifying the impact of 
climate change on the MSY of fish stocks. 

Moreover, it is crucial to clarify that not all reef-associated fishes analyzed are exclusively found 
in coral reef environments. While the Rogers et al. model concentrates on coral reef ecosystems, 
both the DBEM and the SDM encompass additional habitats utilized by these species. Notably, 
some areas in our spatial models predict a larger decline in MCP or HSI. Specifically, as mentioned 
earlier, our HSI projects large declines in habitat suitability in coastal areas for many species, 
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where coral reefs are expected to be common. However, our models take into account the full 
potential distribution range of the species within the Exclusive Economic Zone, including regions 
less affected by climate change. Consequently, the overall declines in MCP or HIS are less 
pronounced than in the most vulnerable areas. 

 

Figure 24: Change in maximum catch potential (in %) for three SSP scenarios (SSP1-2.6, SSP2-
4.5 and SSP5-8.5) as projected by the IPSL-CM6A-LR and GFDL-ESM4 models for pelagic and 
reef-associated species. The shaded regions in the time series plots represent the minimum and 
maximum values observed between the two models.  
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3. The implications of climate risk in marine fisheries and coastal resources on 
dependent human communities 

3.1 Climate change impact on economic measures 

3.1.1 Changes in maximum revenue potential (MRP) 

The economic consequences of projected changes in maximum catch potential (MCP) is the 
resulting change in fisheries revenue (landed value). We calculate projected change in maximum 
fisheries revenue potential (MRP) by multiplying the annual projected MCP by the ex-vessel price 
of each species caught: 

MRP = MCP x ex-vessel price 

Ex-vessel price refers to the price that fishers receive directly for their catch, or the price that is 
paid for the catch when it first enters the supply chain (Tai et al. 2017). Ex-vessel prices are 
extracted from the Fisheries Economics Research Unit’s global ex-vessel price database, which 
contains over 60,000 reported fish prices spanning 1950-2019. We extracted ex-vessel prices for 
the 35 species for which projected MCP for Seychelles were estimated. Ex-vessel prices are 
expressed in constant 2019 USD, i.e., the effect of inflation is removed. We assume that species’ 
ex-vessel prices remain constant for the entire analysis period. This assumption is necessary due 
to the complexity of modeling future fish prices. Moreover, real ex-vessel fish prices have 
generally remained stable since 1970 (Swartz et al. 2012).  

Tunas make up the bulk of Seychelles’ annual industrial purse seine and longline catch from 
Seychelles’ EEZ, accounting for an average of 96% of annual catch for the years 2012-2022 
(Seychelles Fishing Authority 2022). In recent years (2019-2022), Seychelles flagged vessels 
accounted for an average of 33% and 24% of total annual industrial purse seine and longline catch 
taken from Seychelles EEZ, respectively (Seychelles Fishing Authority 2022). Data from the Sea 
Around Us indicated that the landed value of total fish catch from Seychelles EEZ amounted to 
USD 26.04 million (in constant 2019 USD) in 2019, averaging USD 30.77 million per year for the 
period 2009-2019. Based on these landed values, we found minimal change in projected MRP 
under SSP1-2.6 when comparing projections from the end of century (2091-2099) relative to the 
present (2020) and base period (1996-2015) (Table 5). In contrast, projected revenue showed a 
large decrease of  60% by the end of the century (relative to the base period).  

Table 5. Percentage change in projected maximum revenue potential at the end of the century 
(2091-2099) relative to the present (2020) and base period (1996-2015). 
  SSP1-2.6 SSP5-8.5 
  ∆ relative to 

2020 
∆ relative to 
base period 

∆ relative to 
2020 

∆ relative to 
base period 

MRP -8% -3% -158% -60% 

The temporal trend in projected change in MRP relative to the base period (average of 1996-2015) 
generally follows that of projected MCP (Fig. 25). Overall, there is a small change under SSP1-
2.6. The largest increase in projected MRP occurs in the short term during the 2020s, with an 
average annual increase of 12% for the period 2022-2029 relative to the base period. A period of 
negative changes begins in the late 2060s. After 2085, projected change in MRP becomes 
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consistently negative, although the decrease is minimal, at an average of -2% per year for the 
period 2085 to 2100.  

As with projected change in MCP, there is a more pronounced decline in projected changes in 
MRP under SSP5-8.5, the “fossil fueled development” scenario which depicts the worst case, 
highest emissions scenario in which no mitigation policies are in place (see Section 2.1.1).  
Changes in MRP are projected to slightly increase from 2020 to 2054 relative to the base period, 
at an annual average rate of 4%. From 2055 onwards, revenue is projected to decrease substantially 
relative to the base period, at an annual average rate of -22%. The largest annual decreases occur 
starting from 2081 to 2100, with average annual changes of -50% relative to the base period.  

 

Figure 25. Projected percentage change in maximum revenue potential relative to the base period 
(1996-2015) under SSP1-2.6, SSP2-4.5, and SSP5-8.5.  

3.1.2 Impacts on the broader economy  

Changes in MCP do not only result in changes in revenue, but also lead to changes in economic 
and household income impacts. Economic impact captures the changes in economic activity within 
a region, including variations in employment, income, production, and overall economic growth 
due to changes in economic conditions on the economic well-being of a specified area, in this case, 
Seychelles. Economic impact analysis is often used to understand the implications of public 
policies, business activities, and investments (see Sumaila et al. 2019 for an application). 
Understanding economic impact is crucial for policymakers, businesses, and community leaders 
to make informed decisions about their engagement in the blue economy.  

Data reported in Dyck and Sumaila (2010) shows that the economic and household income 
multipliers for the Seychelles are 2.95 and 0.72, respectively. This means that a change in revenue 
by one dollar would result in a $2.95 impact on the wider economy, and a change in household 
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on species and fisheries (from modeling outputs in Section 1.2 - 1.4), while socioeconomic risks 
are factors that describe exposure and sensitivity of the national economy and coastal communities 
to potential climate impacts on marine fisheries. In the framework, the quantified ecological risks 
become the resulting ecological hazard to coastal communities under climate change, thereby 
integrating the ecological and human sub-components. The analysis will consider future 
projections of ecological conditions under climate change on the current status of socioeconomic 
conditions at the national and subnational scales, due to the unpredictability of how socioeconomic 
factors will respond and/or be affected by climate impacts on fisheries.  

Standardized indices of each element of vulnerability – hazard, exposure, sensitivity, and adaptive 
capacity – will be averaged to estimate the vulnerability of populations to climate impacts on 
marine fisheries and coastal systems. The interaction among the constituent elements of 
vulnerability is unclear, thus our reason for using the average across elements of vulnerability. 
This assumes that each element (i.e., exposure (E), sensitivity (S), and adaptive capacity (AC)), as 
well as indicators within each element, has an equal contribution (equal weighting) to overall 
vulnerability. The weighting system may be modified according to local expert opinion, for 
instance if certain elements are perceived to have more influence on vulnerability outcomes. The 
overall calculation of vulnerability is: 

V = f (E, S, AC) (i.e. V = E+S-AC) 

A high vulnerability score implies (i) high exposure to climate change; (ii) high level of fisheries 
contributions to local economies and food security; and (iii) low ability to respond and adapt to 
the risks posed by climate change.  

The national level vulnerability risk assessment is a regional comparison of Seychelles with seven 
other island countries in the Western Indian Ocean; they are Comoros, Madagascar, Maldives, 
Mauritius, Mayotte, Reunion, and Sri Lanka. The components of vulnerability in the national level 
analysis are briefly explained:  

Exposure index 

The exposure index describes the effects of climate change on species and fishery resources, and 
represents how these effects are experienced by marine resource dependent human populations. In 
this study, the change in maximum revenue potential (MRP) of landed values is the proxy for 
exposure. MRP is calculated from the projected change in MCP estimated by the Dynamic 
Bioclimate Envelope Model under projected biogeochemical conditions of the ocean, as described 
in Section 1.4.  

Sensitivity index 

The sensitivity index is a proxy of the degree of dependence of a country’s population on fisheries 
for food security and economic activity (Table 6). In particular, the sensitivity index reflects the 
importance of fish as a source of nutrition to support population health, and the contribution of 
fisheries to the national economy. It also captures the importance of marine ecosystem services to 
coastal communities. It is assumed that countries with higher food and economic dependence on 
fisheries, and higher proportion of people living in coastal areas are more likely to be affected by 
changes to local marine resources under climate change. 
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Adaptive capacity index 

The adaptive capacity to climate change describes the ability of a social system in the current 
context to anticipate, respond to, and adjust to changes from climate stresses and to minimize, cope 
with, and recover from the consequences. It is affected by the economic development of nations, 
including elements related to social and human capital, and the suitability of governance structures. 
In this study, the adaptive capacity is defined through a composite indicator consisting of four 
human development indices: health, education, governance, and size of the economy composed of 
different sets of individual variables (Table 3), and estimated by averaging these four standardized 
human development variables. The underlying assumption is that countries with higher levels of 
economic and human development have a greater capacity to adapt to the risks posed by climate 
change. 

3.2.2 Dimensions of vulnerability 

Exposure 

The exposure of countries to the impacts of climate change on marine fisheries is measured by the 
change in fisheries landed values, which is calculated based on projected change in maximum 
catch potential (MCP) by the Dynamic Bioclimate Envelope Model, described in detail in Section 
2.4. We assume that maximum catch is a proxy of maximum sustainable yield (MSY) (Cheung et 
al. 2008, 2019), and that the carrying capacity (K) of the environment for each population is 
proportional to the suitability of their habitat. Assuming logistic growth, the equilibrium MSY is 
proportional to carrying capacity. In the current stage of analysis, we use change in MCP as 
indicative of the trend in the change in fisheries landed value. Projected landed values will be 
included in the final technical report.  

The projected landed values (or Maximum Revenue Potential (MRP) are estimated using the 
current ex-vessel price (Tai et al. 2017) of each marine species and the projected MCP. We 
calculate the projected changes in MRP for all the exploited marine species caught by each country 
between 2010 (average of 2000-2020) and 2090 (average of 2080-2100). We assume that fisheries 
management does not adapt to climate change; thus, reference points of biomass and exploitation 
rate at MSY remain constant over time for each population under climate change. 

Sensitivity 

In the context of climate change and fisheries, we adopt the definition of Allison et al. (2009) in 
which sensitivity is described as the importance of fisheries to national economies and food 
security. We therefore derived a composite indicator comprising the contribution of fisheries to 
employment, the importance of fish as the source of nutrition; economic dependence of the society 
on fisheries; and more broadly the importance of marine ecosystem services to the coastal 
population. The framework assumes that countries with higher catch and higher dependence on 
fisheries for economies and food are more likely to be affected by changes to local marine 
resources under climate change. Each of the indicators identified above was derived from a series 
of variables that are further discussed below. 

 Employment 

The contribution of fisheries to national employment is represented by two parameters: the number 
of fishers in the fisheries sector and the number of people involved in fisheries relative to other 
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economic sectors. Number of fishers refers to those engaged in marine fishing in the industrial 
(large-scale) and small-scale sectors, as quantified in Teh et al. (2023). These figures account for 
fishers reported in national statistics as well as unreported fishers in the small-scale (artisanal and 
subsistence) sector whose numbers are typically unreported or under-reported. Where no estimate 
for unreported fishers was available, we use only the reported numbers of fishers from local 
sources. 

The number of people involved in fisheries relative to other economic sectors is represented by the 
proportion of the economically active population (%) in the fishery sector. This indicator is 
calculated as the number of fishers divided by the total labour force. It reflects the level of reliance 
on fishing as a livelihood; the higher the proportion of people involved in fisheries, the more 
sensitive the population is to a downturn in fisheries in the future. It should be noted that this 
indicator does not capture the informal participation of women and children in fisheries, nor does 
it account for part-time and/or subsistence fishers. Thus, it may under-represent the importance of 
fishing to livelihoods in countries where the informal sector plays a significant role.   

Nutritional dependence 

The nutritional dependence of a country on fisheries is represented by each country’s dependence 
on fish as a source of protein, which we take as a reflection of the contribution of fish to a country’s 
food security. We assume that a higher percentage of fish protein in people’s diet equates with 
higher reliance on fish for food security. A country with high reliance on fish for food security 
would be more sensitive to changes in food fish supply. The percentage of fish out of all animal 
protein consumed for each Western Indian Ocean country was obtained from FAOSTAT (2024) 
food balance sheets. This indicator does not account for fish substitutability, that is, the degree to 
which people are willing and able to substitute fish with another source of protein. High fish 
substitutability could thus reduce sensitivity. 

Economic dependence 

The dependence of a country’s economy on the fisheries sector was estimated for each country by 
several variables, including: fisheries export value as a proportion of total export value and total 
fisheries landings. The dependence of a country’s economy on its fisheries sector can be estimated 
from fisheries’ export value as a percentage of total export value. Countries that rely heavily on 
the fishery sector to generate national income through exports are especially sensitive to fisheries 
decline. Note that this indicator likely does not capture the value of marine products such as shark 
fins that are often traded on the black market or transacted at sea. Total fisheries landings is the 
total quantity of fish caught from a country’s EEZ, including fish legally and illegally caught by 
subsistence, commercial and recreational fishers, and includes fish discards. 

Coastal dependence 

Coastal zones are the interface between land and water and are important concentration areas of 
economic and cultural activities. About 37% of the world’s population lives within 100km of the 
coast (UNEP 2024). We use the proportion of population in coastal zones as a measure of a 
country’s dependence on coastal resources, whereby dependence is on the protection offered by 
intact coastlines from storms, flooding and erosion, and on the extractive and non-extractive uses 
of resources at the land-sea interface. Here, coastal zone refers to low-lying coastal areas as used 
by UN Stats (2009). We assume that people in closer proximity to the coast will have higher 
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Table 6. Indicators and variables of exposure, sensitivity, and adaptive capacity in the national level vulnerability assessment. See 
Appendix D for detailed country information sources. 

Indicators Definition Composite index Variable 
1. Exposure 

Change in 
landed values 
or maximum 
revenue 
potential 
(MRP) 

Projected change in landed values 
of each marine species exploited 
by each country/territory in the 
Western Indian Ocean under 
SSP5-8.5 in the 2090s relative to 
current status 

Change in MRP from 
current status under climate 
change 

Percent change in MRP under climate change 

2. Sensitivity 
Employment 
  

Importance of the marine fishery 
sector to local livelihoods 

Number of fishers in the 
marine fisheries sector 

Number of fishers 

  Number of fishers relative 
to other sectors 

Proportion of economically active population (%) in 
the fishery sector 

Nutritional 
dependence 

Importance of fish as a source of 
nutrition and whether the nutrition 
provided by fisheries is sufficient 
to support the health of people in 
the country 

Country’s dependence on 
fish as a source of protein 

Fish protein as proportion (%) of all animal protein 
consumed 

Economic 
dependence 

Dependence of a country’s 
economy on its fisheries sector 

Total reported fisheries 
landings 

Catch (tonnes) 

Fisheries export value Value of fisheries exports as proportion (%) of total 
exports 

Coastal 
population 

The importance of marine 
ecosystem services to the coastal 
communities 

Country’s current 
dependence on marine 
systems 

Proportion of population in coastal zones 

3. Adaptive capacity 
Health Average number of years that a 

person can expect to live 
Life expectancy Life expectancy at birth (years) 
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Indicators Definition Composite index Variable 
Education Education level Adult literacy rates Number of people over age 15 that can read and 

write, both sexes (% of population) 
School enrolment ratios Number of tertiary aged people enrolled in tertiary 

education, both sexes (% of population) 
Governance Public-institutions ability to 

conduct public affairs, manage 
public resources, effectively 
implement decisions, ensure the 
rule of law, improve 
accountability, and tackle 
corruption. These are generally 
seen as essential elements of a 
framework within which 
economies can prosper. 

Political stability and 
absence of violence 

Perceptions of the likelihood of political instability 
and/or politically-motivated violence  

Government effectiveness Perceptions of the quality of public services, the 
quality of the civil service and its independence from 
political pressures, the quality of policy formulation 
and implementation, and the credibility of the 
government's commitment to such policies  

Regulatory quality Perceptions of the ability of the government to 
formulate and implement sound policies that permit 
private sector development  

Rule of law Perceptions of the extent to which agents have 
confidence in and abide by the rules of society, the 
quality of contract enforcement, property rights, the 
police, and the courts  

Voice and accountability Extent to which a country's citizens are able to 
participate in selecting their government, as well as 
freedom of expression, freedom of association, and a 
free media  

Control of corruption Perceptions of the extent to which public power is 
exercised for private gain, including both petty and 
grand forms of corruption, as well as "capture" of the 
state by elites and private interests.  

Size of the 
economy 

Countries with a stronger economy 
may be able to divert more 
resources to respond and adapt to 
climate change 

Gross Domestic Product 
(GDP) 

GDP per capita 
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Indicators Definition Composite index Variable 
Contribution 
of Industrial 
(large-scale) 
fisheries 

Proportion of large-scale to small- 
scale fisheries 

Proportion of large-scale to 
small-scale fisheries 

Proportion of catch by large-scale fisheries sector to 
small scale fisheries sector 

Beneficial 
fisheries 
subsidies 

The amount of resources directed 
towards ‘good’ relative to ‘bad’ 
and ‘ambiguous’ subsidies in 
fisheries   

Proportion of beneficial to 
total fisheries subsidies 

 Proportion of total subsidies that are beneficial  
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dependence on the coast than people that live far from the coast. Thus, the higher the proportion 
of population in coastal zones, the higher is the country’s coastal dependence.  

Adaptive capacity 

Adaptive capacity is the ability of a system to anticipate and respond to external stimulus, in this 
case, to effectively accommodate changes in climate with minimum cost and disruption to quality 
of life. We define adaptive capacity through a composite indicator consisting of four dimensions 
of human development: health, education, governance, and size of the economy, which themselves 
are composed of different sets of variables. The underlying assumption is that countries with higher 
levels of economic and human development have a greater capacity to adapt to the risks posed by 
climate change. The indicators of adaptive capacity are described below:  

 Health 

Countries with a healthy population are assumed to be able to allocate more resources to mitigate 
and adapt to climate change impacts. We used life expectancy at birth, defined as “the number of 
years a newborn infant could expect to live if prevailing patterns of age-specific mortality rates at 
the time of birth stay the same throughout the infant’s life” (WHO 2020a), as an indicator of health. 
Estimates were based on life expectancy of both males and females as reported by the World Bank 
in the most recent years. 

 Education 

The educational indicator was estimated using two variables: adult literacy rate and tertiary level 
enrolment ratio. Adult literacy rate is defined as the percentage of the population aged 15 and 
above who can, with understanding, read and write a short, simple statement on their everyday 
life. Generally, ‘literacy’ also encompasses ‘numeracy’, the ability to make simple arithmetic 
calculations. This indicator is calculated by dividing the number of literates aged 15 years and over 
by the corresponding age group population and multiplying the result by 100 (World Bank 2020b). 
The total enrollment in tertiary education (International Standard Classification of Education 
(ISCED) 5 to 8), regardless of age, is expressed as a percentage of the total population of the five- 
year age group following on from secondary school leaving (World Bank 2020c).  

The general number of people with education and the proportion of these individuals with higher 
education are assumed to lead to greater and more effective adaptive capacity to climate change. 
To face climate change effectively, basic education in literacy and numeracy as well as fast and 
efficient continued learning are critical. We felt that these two variables complemented each other 
to give an indicator that would measure a core set of capabilities promoting adaptive capacity 
successfully. 

 Governance 

Governance is seen as a critical determinant of adaptation (Engle and Lemos, 2010; Adger et al. , 
2009). We assume that countries with high governance are more responsive and flexible to adapt 
and therefore have a greater capacity to anticipate, and act on, changes due to climate stresses as 
well as implement the measures required.  
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We measure governance using a framework based on the World Bank’s Worldwide Governance 
Indicators project (www.govindicators.org/). The project reports aggregate indicators for six 
dimensions of governance (Kaufman and Kraay 2023) considered as useful measures for broad 
cross-country comparisons: These include: Voice and accountability; Political stability and 
absence of violence/terrorism; Government effectiveness; Regulatory quality; Rule of law; and 
Control of corruption.  

These indicators combine the views of a large number of enterprise, citizen and expert survey 
respondents in industrial and developing countries. They are based on over 30 individual data 
sources produced by a variety of survey institutes, think tanks, non-governmental organizations, 
international organizations, and private sector firms (World Bank 2020d).  

 Size of the economy 

Countries with stronger economies (i.e., higher GDP) are assumed to be able to adapt better to 
climate change impacts. GDP is the sum of gross value added by all resident producers in the 
economy plus any product taxes and minus any subsidies not included in the value of the products. 
We obtained the GDP data from the World Bank (World Bank 2020e) and the data are in current 
U.S. dollars. The dollar figures for GDP available on the World Bank website are converted from 
domestic currencies using single year official exchange rates. 

Contribution of industrial fisheries 

The contribution of the industrial fishing sector is reflected in the calculated ratio of marine catches 
from the industrial relative to the small-scale sector, as extracted from the Sea Around Us global 
catch database. Industrial fisheries are often targeted for development in national economic 
development plans due to the sector’s larger fishing capacity. We make the assumption that the 
industrial fishing sector has higher potential to contribute to a country’s fish supply needs. A larger 
industrial to small-scale sector ratio thus suggests that a country has the physical infrastructure in 
place to increase fish production to support future food supply needs. Industrial fishing fleets tend 
to be more technologically advanced than small-scale fishing vessels, which is also favorable for 
adaptive capacity whereby fishing fleets may have to expand further offshore to catch more fish, 
and operate in more severe weather conditions. Nevertheless, this indicator does not account for 
the fact that fishing capacity is constrained by the health of fish stocks, and that small-scale 
fisheries continue to be the primary source of food and livelihoods in many coastal communities. 

Fisheries subsidies 

Beneficial subsidies in the fishery sector include those that go towards fisheries management, 
research and development, marine protected areas, and supporting fishers’ income, among others 
(Sumaila et al. 2019). These activities help to build and support marine ecosystem resilience as 
well as adaptive capacity of fishing communities. As such, a higher ratio of beneficial subsidies to 
total fisheries subsidies indicates higher adaptive capacity. 

3.2.3 Calculating the national vulnerability index  

The index scores of exposure (E), sensitivity (S), and adaptive capacity (AC) are averaged and 
summed to derive a final vulnerability score V = f (E, S, AC) (i.e. V = E+S-AC). We took the 
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average because of the lack of clear understanding of the interaction among these constituent 
components. Although there are many ways of combining the components (Turner et al. 2003), 
we made no a priori assumption about the importance of each dimension (or indicators within 
each dimension) in the overall sum. Thus, we treated each indicator as having an equal contribution 
to a country’s overall vulnerability (Sullivan and Meigh 2005). Previous studies have shown that 
vulnerability is robust to change in the weightings of its components and to different methods of 
calculations (i.e., averaging or multiplying, Allison et al. 2009, Cinner et al. 2012). It is therefore 
possible to modify the weighting system according to local expert opinion if certain elements are 
deemed to have a particularly large influence on vulnerability outcomes.  

In the current analysis, exposure to climate impacts on fisheries across the region is measured by 
the change in maximum revenue potential (MRP), i.e., the change in fisheries landed value, under 
SSP5-8.5 in the 2090s relative to the current period. The MRP is based on MCP values which were 
estimated in the preceding section. Mean maximum catch potential is projected to decline in all 
countries/territories, ranging from a slight decrease of under 7% to a significant loss of almost 
100% by the end of the century under a pessimistic climate scenario (Fig. 27). The largest decrease 
is seen in Maldives followed by Sri Lanka then Seychelles, with the lowest decline in Comoros 
and Reunion (Table 7). Seychelles ranks highest in sensitivity to changes in fisheries, but on the 
positive side has the second highest level of adaptive capacity regionally. Combined, Seychelles’ 
overall vulnerability score of 0.46 falls in the middle of the assessed countries/territories. 
Seychelles’ high sensitivity is driven by the country’s high volume of total fisheries catch relative 
to regional countries/territories, large proportion of fisheries exports out of the country’s total 
exports, as well as the sizable proportion of the economically active population engaged in the 
fisheries sector (Table 8). Regional adaptive capacity is moderate with an average index score of 
0.5 (not normalized); Seychelles’ adaptive capacity is higher than average (0.75), which helps to 
mediate its high sensitivity and exposure dimensions. Within fisheries specifically, Seychelles 
scores moderately in ‘beneficial subsidies to the fishing sector’ variable, whereby it sits closely 
with Mayotte and Reunion. More generally, adaptive capacity is strengthened by a comparatively 
strong governance, high GDP per capita, and high national literacy rate (Table 9). Globally, 
education is key to building climate resilient futures by empowering youth with knowledge and 
climate awareness (Lutz et al. 2014). 
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Table 8: Calculated sensitivity indices. Index scores are on a scale from 0 to 1, where 1 represents 
high sensitivity. 

  Employment Nutritional 
dependence 

Economic dependence Coastal dependence 

Country Number of 
fishers 

% of 
economically 
active 
population in 
the fishery 
sector 

Fish protein 
as % of all 
animal protein 

Total 
fisheries 
landings 

Fisheries 
exports as % 
of total 
exports 

Proportion coastal 
population 

Comoros 0.01 0.70 0.32 0.04 0.08 0.09 
Madagascar 0.64 0.15 0.24 0.48 0.07 0.00 
Maldives 0.16 0.52 1.00 0.40 1.00 1.00 
Mauritius 0.02 0.21 0.25 0.08 0.20 0.04 
Mayotte 0.01 0.05 0.41 0.00 0.00 0.13 
Reunion 0.00 0.00 0.00 0.00 0.02 0.12 
Seychelles 0.00 1.00 0.66 1.00 0.92 0.22 
Sri Lanka 1.00 0.05 0.63 0.79 0.03 0.06 

Table 9. Calculated adaptive capacity indices. Index scores are on a scale from 0 to 1, where 1 
represents high adaptive capacity. 

 
Health Education Size of 

economy 
Governance Industrial 

fisheries 
Subsidies 

Country Life 
expectancy 
at birth 

School 
enrolment 

Literacy 
rate 

GDP per 
capita 

Governance Importance of 
industrial 
fisheries 

Beneficial 
subsidies 

Comoros 0.00 0.44 0.00 0.04 0.00 1.00 0.00 
Madagascar 0.06 0.82 0.42 0.00 0.11 0.33 0.28 
Maldives 0.91 0.80 1.00 0.49 0.51 0.03 0.55 
Mauritius 0.56 0.00 0.84 0.42 1.00 0.00 1.00 
Mayotte 0.71 1.00 0.67 0.48 0.00 0.02 0.50 
Reunion 1.00 0.09 0.89 1.00 0.93 0.00 0.50 
Seychelles 0.55 0.24 0.95 0.62 0.96 0.82 0.51 
Sri Lanka 0.71 0.42 0.90 0.12 0.33 0.76 0.02 

The vulnerability scores should be interpreted keeping in mind that we treated all input variables 
as having equal weighting to the averaged E, S, and AC indices. This approach may overlook 
specific environmental features, hazards, or institutionalized practices that have a 
disproportionately large influence on vulnerability in the context of small island countries in the 
Western Indian Ocean. Nonetheless, it is a starting point for facilitating discussion and the 
constituent weightings can be adjusted with the incorporation of local expert knowledge.  
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3.2.4 Calculating the subnational vulnerability index 

The subnational assessment was conducted at the Regional administrative unit. This unit was 
chosen based on the availability of socioeconomic and fisheries data at this level of disaggregation, 
and on the spatial resolution of the ecological models. The regional administrative units are:  

1. Central 1 Mahe 
2. Central 2 Mahe 
3. East Mahe 
4. La Digue 
5. North Mahe 
6. Other Islands 
7. Praslin 
8. West Mahe 

The purpose of the subnational assessment is to identify areas of strengths or weaknesses that 
influence communities’ resilience to stressors, including climate change. The calculated 
subnational vulnerability score is supplemented by insights from empirical studies of fishers’ 
vulnerability in Seychelles (Etongo and Arrisol 2021). Similar to the national vulnerability 
assessment framework, vulnerability at the subnational level is a function of exposure, sensitivity, 
and adaptive capacity, with the inclusion of climatic hazards.   

Hazard refers to climate-related physical events that have the potential to cause damage. 
Specifically, we consider hazards to fisheries through the metrics of marine heatwaves and species 
turnover rate which were estimated in Section 2. The variables and data sources are: 
  

1. Average temperature during heatwave Calculated in this study 

2. Average number of months with extreme heat  Calculated in this study 

3. Average species turnover rate Calculated in this study 

Exposure measures the presence of  people and resources that could be adversely affected by 
climate change impacts on fisheries and coastal communities. The variables and data sources are: 
  

1. Percentage change in maximum catch potential Calculated in this study 

2. Population density NBS 2024 

3. Average species turnover rate Calculated in this study 

The change in MCP estimates the change in fish catches by the end of the century under the SSP5-
8.5 scenario relative to the current period, and is used as a measure of marine fisheries that could 
potentially be adversely affected by climate change. The higher the projected catch loss, the higher 
the exposure.  
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Population density is the number of persons per square kilometer in each region. It is used to 
represent human pressure on available resources, and here is an indicator of the presence of people 
that could be adversely affected by climate impacts on fisheries and coastal communities. The 
higher the population density, the higher the number of people that could be exposed to impacts in 
a given area.   

Sensitivity is captured by the reliance of people on fisheries and marine ecosystems for 
socioeconomic benefits such as employment, income, and food. The variables and data sources 
are: 
  

1. Total catch Seychelles Fishing Authority 

2. Fishers as % of economically active population Seychelles Fishing Authority, 
NBS 2024 

3. Number of licensed fishing vessels   Seychelles Fishing Authority 

4. Percentage population in poverty NBS 2024 

Economic dependence is measured by total catch and the percentage of the population in poverty. 
Total catch includes the averaged catches from 2017-2019 of the artisanal and semi-industrial 
sectors reported by SFA. As the subnational assessment is focussed on local communities we 
excluded the industrial sector which tends to involve foreign participation. The percentage of 
population in poverty is extracted from the Seychelles Population and Housing Census (NBS 
2022). This variable is based on households’ self-categorization of wealth (either ‘poor’, ‘average’, 
or ‘rich’); the poverty level here reflects the percentage of households in the ‘poor’ category in 
each region. We assume that the higher the level of poverty, the higher is the reliance of those 
households on existing activities such as fishing to continue supporting their daily subsistence 
needs.  

Employment is measured by the number of licensed fishers and fishing vessels. The number of 
fisher registrations was downloaded from. A list of fishers’ registration cards from 2016-2025 was 
provided by the Seychelles Fishing Authority. Each card contained the registration validity year 
and address of the fisher. Cards that were valid until 2025 were included in the count of fishers, 
and we manually matched addresses to the administrative regions to which they belonged. The 
number of fishers per region was then divided by the number of economically active people (i.e., 
those who are employed and unemployed) per region, which was extracted from the Seychelles 
Population and Housing Census (NBS 2024), to derive fishers as a proportion of the economically 
active population. A list of fishing vessel licenses was downloaded from the SFA Fisheries 
Information Management System (FIMS). Fishing vessel license numbers contain a code that 
identifies the island where the vessel will operate from; this was used initially to break down 
vessels by geographic location, and subsequently the spatial disaggregation was refined by 
applying the regional breakdown based on fisher cards.  

Variables in the sensitivity dimension are limited as data on parameters such as reliance on fish 
for nutrition and health (fish consumption rate, consumption of fish among expectant mothers) 
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were not readily available at scale of administrative regions. Nonetheless, fish is a regular and 
important part of the diet of expectant mothers in Seychelles (Conway et al. 2023) 

Adaptive capacity refers to the ability of systems to anticipate and take action to cope with or 
minimize the consequences of climate change impacts. The variables and data sources are: 
  

1. % population with post-secondary education  NBS 2024 

2. Number of doctor consultation hours per capita Seychelles, Ministry of Health 
2023, NBS 2024 

3. % of households that experienced crime NBS 2024 

4. % computer ownership    NBS 2024 

5. % households with home internet NBS 2024 

6. % household with owned and fully paid home NBS 2024 

7. % dwellings that are accessed by a main road  NBS 2024 

We consider good education, health outcomes, and governance as factors that enhance adaptive 
capacity broadly among society. Households are potentially in a better position to mediate climate 
impacts if they have access to technology and information and have some degree of financial 
security. Living in areas with adequate physical infrastructure such as paved roads that connect 
people to markets or that serve as evacuation routes during natural disasters is also considered a 
plus for adaptive capacity. We could not readily locate fisheries specific indicators of adaptive 
capacity, such as the enforcement of fisheries regulations or the area of marine protected areas in 
each administrative region, thus these are excluded from the analysis.  

Education attainment was measured by the percentage of the population (>15 years old) that had 
completed post-secondary education (NBS 2024). Health statistics such as life expectancy were 
not readily available. As a substitute we used access to health services, with the assumption that 
higher access to health services contributes to a healthier population. Access to health services was 
measured by per capita doctor consultation hours (Seychelles Ministry of Health 2023), whereby 
the number of doctor consultations (in hours) made by patients in each region was divided by the 
region’s population. Crime rate as measured by the percentage of households in each region that 
had experienced crime in the past 12 months was used as a proxy for governance, whereby lower 
crime rate infers stronger governance hence higher adaptive capacity. 

Vulnerability scores: Vulnerability is calculated as the sum of hazard, exposure and sensitivity, 
minus adaptive capacity. Our findings suggest that North Mahe has the highest vulnerability to 
climate impacts in fisheries and coastal ecosystems relative to other administrative regions in 
Seychelles (Fig. 28). This vulnerability is driven by high sensitivity; specifically, North Mahe had 
the highest reliance on fisheries for employment and economic benefits (Table 10 ). Conversely, 
the outer islands, La Digue and Praslin were the regions with lowest vulnerability, with low levels 
of exposure and sensitivity contributing to their overall low vulnerability (Fig. 29). An empirical 
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Table 11. Normalized subnational hazard and exposure indices. Index scores are on a scale from 
0 to 1, where 1 represents highest exposure. 

 
Hazard Exposure 

Region Avg temp 
during MHW 

Avg # of 
months with 
extreme heat 

Mean species 
turnover % 

Change in 
MCP 

Population 
density 

Central 1 Mahe 1.00 1.00 0.71 1.00 1.00 
Central 2 Mahe 1.00 1.00 1.00 0.65 0.76 
East Mahe 1.00 1.00 0.92 0.65 0.46 
La Digue 1.00 1.00 0.00 0.48 0.17 
North Mahe 1.00 1.00 0.76 1.00 0.35 
Other Islands 0.00 0.00 0.74 0.00 0.00 
Praslin 1.00 1.00 0.92 0.48 0.11 
West Mahe 1.00 1.00 0.97 0.65 0.12 

Based on this analysis, adaptive capacity tends to be highest in Central 1 Mahe followed by West 
Mahe and Praslin (Table 12). The high adaptive capacity in Central 1 Mahe is derived from high 
post-secondary attainment among the population, high availability of health services as reflected 
by doctor consultation hours per capita, high household physical assets, and adequate 
infrastructure. While fisheries specific indicators were not incorporated in this analysis, Etongo 
and Arrisol (2021) found that fishing households on Mahe had diversified income sources beyond 
fishery, in sectors such as business, agriculture, and tourism, that enhance adaptive capacity. 
Praslin fishing households had fewer livelihood activities besides fishing, but a higher percentage 
of households that belong to fisher associations compared to Mahe (Etongo and Arrisol 2021).  In 
the context of climate adaptation, having strong community cohesion can catalyze conservation 
initiatives that benefit ecosystems and communities and lead to stronger climate resilience. For 
instance, the Praslin Fishers Association demarcated a voluntary fisheries closure zone around a 
part of the island in an effort to protect the island’s fish stocks (SNA 2019). 

Table 12. Normalized subnational adaptive capacity indices. Index scores are on a scale from 0 to 
1, where 1 represents highest adaptive capacity. 

 
Education and access to 
health services 

Governance   Assets 

Region % post 
secondary 

Doctor 
hours/person 

Crime rate % 
computer 
ownership 

% home 
internet 

% full home 
ownership 

% main road 
access 

Central 1 Mahe 1.00 1.00 1.00 0.91 0.96 0.76 1.00 
Central 2 Mahe 0.86 0.58 0.94 0.81 0.83 0.86 0.56 
East Mahe 0.84 0.53 0.87 0.88 0.92 0.94 0.31 
La Digue 0.70 0.83 0.49 0.68 0.85 0.41 0.84 
North Mahe 0.95 0.28 0.66 1.00 1.00 0.94 0.38 
Other Islands 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Praslin 0.74 0.80 0.81 0.76 0.96 0.91 0.63 
West Mahe 0.94 0.62 0.95 0.89 0.93 1.00 0.39 
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4. Summary of main outcomes 

This analysis suggests that climate change will affect different regions of Seychelles differently. 
The marine waters of the Seychelles’ northeast EEZ region have historically experienced higher 
sea surface temperature (SST) relative to the rest of the country. SST is projected to increase 
uniformly across Seychelles’ EEZ in the mid and end-of century period under SSP1-2.6 and SSP2-
4.5; however, in the SSP5-8.5 scenarios the northern EEZ will experience higher increase in sea 
surface temperature relative to present day conditions. This implies slower onset risk to southern 
marine and coastal ecosystems. On the other hand, marine heatwaves are projected to intensify 
more rapidly in the southern part of the EEZ of the Seychelles. At the same time, species richness 
and habitat suitability for focal species tend to be slightly higher in the northern region of 
Seychelles’ EEZ as compared to the southern EEZ, while being highest in coastal areas and 
between the islands. These results flag the northern region as potentially at risk of higher losses 
from slow-onset climate change while the southern region is at higher risk to marine heatwaves. 
While some fish species may be able to adjust and cope with warmer ocean temperatures, they 
have less buffer against extreme temperatures that can reach lethal levels (Sandblom et al. 2016). 
This may contribute to the higher estimated local extinction of marine species in the southwestern 
EEZ region by mid and end-century relative to other regions of the EEZ under all SSP scenarios. 
Regardless, the risks and impacts are projected to be widespread across the entire EEZ under the 
high emissions SSP5-8.5 scenario. 

The impact of climate related changes in ocean conditions and marine biodiversity will have 
consequences on communities that depend on marine resources. The high contribution of fisheries 
to Seychelles’ economy and employment highlights the significant level of dependence on the 
sector for food security and economic benefits, and reinforces the urgency of climate adaptation 
solutions that are feasible for the unique context of small island nations. More resilient 
communities will more likely be able to withstand projected ecological impacts, with resilience 
itself being influenced by multiple socioeconomic factors. The subnational vulnerability 
assessment highlighted North Mahe as being particularly vulnerable to the effects of climate 
change on fisheries, while less populated islands such as Praslin and La Digue are less vulnerable. 
This vulnerability is driven in part by high reliance on fishing, and highlights the importance of 
innovation in reducing people’s reliance on marine resources as one way to increase resilience.   

4.1 Implications of key study findings 

Implications for marine spatial planning: Our results suggest a range of spatial management 
initiatives can be taken to manage and protect different parts of Seychelles’ EEZ from the projected 
impacts of climate hazards. The risk of marine heatwaves is projected to be highest in the southern 
region, while the northern region is projected to be more at risk from sea surface temperature 
rise.  Both these outcomes flag the northern and southern regions as priority areas for creating or 
enhancing habitat refugia in order to allow ecosystems to recover and build up the resilience 
required to withstand future climate impacts. Equally important is for management regulations to 
minimize fisheries and other extractive activities; in addition, development of marine based sectors 
such as tourism and renewable energy should take these high climate impact areas into 
consideration to minimize further anthropogenic pressures on vulnerable marine ecosystems. 
Further, our results suggest that changes in salinity are projected to be greatest in the western part 
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of Seychelles’ EEZ - this underlines the need to ensure that land use practices in the area do not 
contribute pollutants that can further alter the biochemical balance in coastal habitats.  

Implications for fisheries: Our results indicate that reef fish are projected to fare better under 
climate change compared to pelagics. This suggests an opportunity for increasing economic 
benefits from reef fisheries, although this has to be done while ensuring sustainable practices are 
in place so that reef fish stocks remain at healthy levels. Most of the reef fish catch is currently 
used to meet local seafood demand, including for the tourism sector, with some grouper and 
snapper species exported (SFA 2022). Initiatives to increase economic benefits from the local 
market can include partnering with the tourism sector to promote local sustainable seafood at hotels 
and restaurants (e.g., seafood tourism), enhancing the market value of reef fish through 
transformation of market value chains, e.g., seafood labeling (Glass et al. 2022), and targeting 
premium export destinations for groupers and snappers.  

In contrast to reef fish, the maximum catch potential of pelagics is projected to drop drastically 
under the SSP5-8.5 scenario, with potentially severe impacts on Seychelles’ economy. This is due 
not only to decreases in the quantity and hence landed value of fish caught, but also from the loss 
of foreign fishing access fees - in 2017, fishing access fees from foreign purse seine vessels fishing 
in Seychelles’ EEZ amounted to 4.6 million USD (Chassot et al. 2018). Seychelles’ tuna 
dominated fishing sector contributed 4.6% to national GDP in 2022, and industrial fishing is one 
of the most important sources of foreign currency earnings, making up 9% of direct current account 
receipts in 2022 (SFA Annual Report 2022). Clearly, the potential loss of a big proportion of this 
economic contribution underlines the urgency for strategies to adapt to a future with less tuna, not 
only within Seychelles’ EEZ, but also for the entire Western Indian Ocean. Importantly, our study 
underlines the need for countries to steer towards a SSP1-2.6 pathway and reduce greenhouse gas 
emissions to achieve the goals of the Paris Agreement, as this is projected to result in a much more 
favorable MCP outcome for pelagics in Seychelles. Engaging in regional negotiations to enable 
tuna dependent economies to retain the socioeconomic benefits they currently derive from tuna, 
regardless of the redistribution of tuna stocks under climate change, has been proposed as another 
pathway for sustaining the economies of Pacific Small Island Developing States (Bell et al. 2021), 
and is also relevant for Seychelles. Indeed, the transboundary nature of tuna stocks emphasizes the 
continued need to strengthen multilateral cooperation for managing tuna within the Western Indian 
Ocean and in the adjoining high seas.  
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Appendix A. Bio-Oracle Dataset (v3.0) 

The construction of Bio-ORACLE environmental layers involved several detailed steps 

1. Individual Model Processing 

Data Collection: Monthly data on various physical, chemical, and biological parameters for 
present-day (2000-2020) and future scenarios (2000-2100) were collected from multiple Earth 
System Models (ESMs) part of the CMIP6 dataset. The Earth System Models (ESMs) provided 
by the CMIP6 dataset used for constructing the Bio-ORACLE environmental layers include: 

● ACCESS-ESM1-5 (Australian Community Climate and Earth System Simulator) 
● CanESM5 (Canadian Earth System Model) 
● CESM2-WACCM (Community Earth System Model 2 – Whole Atmosphere Community 

Climate Model) 
● CNRM-ESM2-1 (Centre National de Recherches Météorologiques Earth System Model) 
● GFDL-ESM4 (Geophysical Fluid Dynamics Laboratory Earth System Model) 
● GISS-E2-1-G (Goddard Institute for Space Studies Earth System Model) 
● IPSL-CM6A-LR (Institut Pierre Simon Laplace Climate Model) 
● MIROC-ES2L (Model for Interdisciplinary Research on Climate) 
● MPI-ESM1-2-LR (Max Planck Institute Earth System Model) 
● MRI-ESM2-0 (Meteorological Research Institute Earth System Model) 
● UKESM1-0-LL (United Kingdom Earth System Model) 

Statistical Analysis for Each Model: For each ESM, key statistics were calculated separately for 
each decade. These included: 

● The average condition for each month within a decade. 
● The highest and lowest values recorded in a decade. 
● Calculated as the average of the most extreme values (e.g., highest and lowest 

temperatures) observed each year within a decade. 
● The average absolute difference between the maximum and minimum values each year. 

2. Ensemble Creation 

Spatial Interpolation: Before combining the models into an ensemble, the data from each ESM 
were interpolated to a common spatial resolution of 0.05°. This step ensures that data from 
different models are compatible and can be directly compared on a uniform grid. 

Averaging Across Models: Once interpolated, the anomalies (differences from baseline 
conditions) calculated for future scenarios in each model were averaged together to create a single 
ensemble output per grid cell. This ensemble mean represents a consensus projection from multiple 
models, reducing the influence of biases specific to any single model. 

3. Post-Ensemble Processing and Output 

Application of Ensemble Averages: The ensemble-averaged anomalies were applied to the 
observed baseline data (present-day conditions) to project future environmental conditions. 
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Final Data Layers: The resulting data, incorporating both the current conditions and future 
projections informed by the ensemble average, were formatted into gridded environmental layers. 
These layers are designed for use in ecological and biogeographic modeling and research. 

4. Accessibility and Usage 

Tool Development: R and Python packages were developed to facilitate easy access to and 
integration of these data layers into various scientific workflows. 

Data Hosting: The layers were also made available through an ERDDAP server, supporting 
flexible access to the data in various formats, which enhances usability for a broader range of 
applications. 
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Appendix C: Focal species list 

Table C1: List of most species provided by the Seychelles Fisheries Research Department. The 
SDM column lists species used in Species Distribution Models. The MCP column lists species that 
were used in determining Maximum Catch Potential Graph. Abbreviations:Y if species was used 
and N if it was not used. 

n TaxonKey Scientific Name Habitat SDM MCP 
1 600006 Coryphaena hippurus pelagic-neritic Y Y 
2 600077 Istiophorus platypterus pelagic-oceanic Y Y 
3 600080 Chanos chanos benthopelagic Y N 
4 600083 Aphareus rutilans reef-associated Y Y 
5 600084 Aprion virescens reef-associated Y N 
6 600089 Acanthocybium solandri pelagic-oceanic Y Y 
7 600094 Auxis thazard pelagic-neritic Y Y 
8 600096 Euthynnus affinis pelagic-neritic Y Y 
9 600107 Katsuwonus pelamis pelagic-oceanic Y Y 

10 600111 Rastrelliger kanagurta pelagic-neritic Y N 
11 600142 Thunnus alalunga pelagic-oceanic Y Y 
12 600143 Thunnus albacares pelagic-oceanic Y Y 
13 600146 Thunnus obesus pelagic-oceanic Y Y 
14 600178 Lutjanus sebae reef-associated Y N 
15 600199 Pristipomoides argyrogrammicus reef-associated N N 
16 600201 Pristipomoides filamentosus benthopelagic Y N 
17 600216 Makaira nigricans pelagic-oceanic Y N 
18 600217 Istiompax indica pelagic-oceanic Y Y 
19 600223 Kajikia audax pelagic-oceanic Y Y 
20 600226 Xiphias gladius pelagic-oceanic Y Y 
21 600228 Albula vulpes reef-associated N N 
22 600265 Lutjanus gibbus reef-associated Y Y 
23 600752 Isurus oxyrinchus pelagic-oceanic Y Y 
24 600858 Carcharhinus albimarginatus reef-associated Y N 
25 600861 Carcharhinus amblyrhynchos reef-associated Y N 
26 600865 Carcharhinus brevipinna reef-associated Y N 
27 600868 Carcharhinus falciformis reef-associated Y Y 
28 600874 Carcharhinus limbatus reef-associated Y Y 
29 600875 Carcharhinus longimanus pelagic-oceanic Y Y 
30 600877 Carcharhinus melanopterus reef-associated Y N 
31 600880 Carcharhinus plumbeus benthopelagic Y Y 
32 600884 Carcharhinus sorrah reef-associated Y Y 
33 600886 Galeocerdo cuvier benthopelagic Y Y 
34 600898 Prionace glauca pelagic-oceanic Y Y 
35 600907 Triaenodon obesus reef-associated N N 
36 600912 Sphyrna lewini pelagic-oceanic N N 
37 601235 Sphyraena barracuda reef-associated Y Y 
38 601288 Trichiurus lepturus benthopelagic Y Y 
39 601417 Lutjanus bohar reef-associated Y Y 
40 601834 Gymnocranius grandoculis reef-associated N N 
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41 601843 Lethrinus mahsena reef-associated Y Y 
42 601845 Lethrinus microdon reef-associated Y Y 
43 601846 Lethrinus nebulosus reef-associated Y N 
44 601847 Lethrinus obsoletus reef-associated Y Y 
45 601850 Lethrinus variegatus reef-associated Y N 
46 601863 Lethrinus lentjan reef-associated Y N 
47 601895 Caranx ignobilis reef-associated Y Y 
48 601917 Caranx sexfasciatus reef-associated Y N 
49 601926 Carangoides fulvoguttatus reef-associated Y Y 
50 604456 Siganus canaliculatus reef-associated Y N 
51 604465 Diagramma pictum reef-associated Y N 
52 604611 Siganus corallinus reef-associated Y N 
53 604614 Siganus argenteus reef-associated Y N 
54 604615 Siganus sutor reef-associated Y N 
55 604827 Sphyraena jello reef-associated Y Y 
56 605348 Epinephelus fasciatus reef-associated Y Y 
57 605354 Variola louti reef-associated Y Y 
58 605503 Rhynchobatus djiddensis reef-associated N N 
59 605524 Epinephelus chlorostigma reef-associated Y Y 
60 605548 Scarus ghobban reef-associated Y Y 
61 605555 Scarus rubroviolaceus reef-associated Y N 
62 605734 Sphyraena forsteri reef-associated Y N 
63 606454 Cephalopholis sonnerati reef-associated Y N 
64 607354 Epinephelus multinotatus reef-associated Y Y 
65 690088 Octopus vulgaris reef-associated Y Y 
66 690228 Panulirus longipes benthic Y N 
67 690801 Panulirus penicillatus benthic Y N 
68 690802 Panulirus versicolor benthic Y N 
69 690883 Ranina ranina reef-associated Y N 
70  6983497 Thelenota ananas  reef-associated Y N 

 

Table C2: Scientific, Creole, and French names of focal species. 
Scientific name Family Order Class Creole 

French 
French 

Fishes      
Carcharhinus 
albimarginatus 

Carcharhinidae Carcharhiniformes Elasmobranchii  Requin houareau 

Carcharhinus 
amblyrhynchos 

Carcharhinidae Carcharhiniformes Elasmobranchii  Requin bar 

Carcharhinus 
brevipinna 

Carcharhinidae Carcharhiniformes Elasmobranchii  Requin nene pointe 

Carcharhinus limbatus Carcharhinidae Carcharhiniformes Elasmobranchii  Requin demoiselle 
Carcharhinus sorrah Carcharhinidae Carcharhiniformes Elasmobranchii  Requin blanc 
Siganus argenteus Siganidae Acanthuriformes Teleostei Kordonnyen 

soulfanm 
Cordonnier soule 
femme 

Siganus canaliculatus Siganidae Acanthuriformes Teleostei   
Siganus corallinus Siganidae Acanthuriformes Teleostei  Cordonnier brisant 
Siganus stellatus Siganidae Acanthuriformes Teleostei  Cordonnier 

marguerite 
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Siganus sutor Siganidae Acanthuriformes Teleostei Kordonnyen 
blan 

Cordonnier 

Sphyraena barracuda Sphyraenidae Carangaria/misc Teleostei  Barracouda 
Sphyraena forsteri Sphyraenidae Carangaria/misc Teleostei  Bécune de Forster 
Sphyraena jello Sphyraenidae Carangaria/misc Teleostei Bekin Bécune 
Caranx sexfasciatus Carangidae Carangiformes Teleostei  Carangue platte 
Turrum fulvoguttatum Carangidae Carangiformes Teleostei Karang plat  
Turrum gymnostethus Carangidae Carangiformes Teleostei Karang balo Carangue balo 
Xiphias gladius Xiphiidae Carangiformes Teleostei  Espadron 
Diagramma pictum Haemulidae Eupercaria/misc Teleostei  Capitaine-du-port 
Lethrinus lentjan Lethrinidae Eupercaria/misc Teleostei Zekler  
Lethrinus mahsena Lethrinidae Eupercaria/misc Teleostei Lascar  
Lethrinus microdon Lethrinidae Eupercaria/misc Teleostei  Gueule longue 
Lethrinus nebulosus Lethrinidae Eupercaria/misc Teleostei Kaptenn rouz Capitaine rouge 
Aphareus rutilans Lutjanidae Eupercaria/misc Teleostei  Vivaneau lantanier 
Aprion virescens Lutjanidae Eupercaria/misc Teleostei Zob gri  
Lutjanus bohar Lutjanidae Eupercaria/misc Teleostei Var vara Vara-vara 
Lutjanus gibbus Lutjanidae Eupercaria/misc Teleostei  Bord de mare 
Lutjanus sanguineus Lutjanidae Eupercaria/misc Teleostei Bordomar  
Lutjanus sebae Lutjanidae Eupercaria/misc Teleostei Bourzwa Bourgeois 
Pristipomoides 
filamentosus 

Lutjanidae Eupercaria/misc Teleostei Batrikan  
Scarus ghobban Scaridae Eupercaria/misc Teleostei Kakatwa blan Kakatoi blanc 
Scarus rubroviolaceus Scaridae Eupercaria/misc Teleostei Kakatwa rouz  
Cephalopholis 
sonnerati 

Epinephelidae Perciformes/Serranoidei Teleostei Msye angar Vieille ananas 

Epinephelus 
chlorostigma 

Epinephelidae Perciformes/Serranoidei Teleostei Vye makonde Vieille maconde 

Epinephelus fasciatus Epinephelidae Perciformes/Serranoidei Teleostei Madanm dilo Vieille rouge 
Epinephelus 
multinotatus 

Epinephelidae Perciformes/Serranoidei Teleostei Vye plat Vieille chat 

Variola louti Epinephelidae Perciformes/Serranoidei Teleostei Krwasan Vroissant 
Euthynnus affinis Scombridae Scombriformes Teleostei Bonit Bonite 
Katsuwonus pelamis Scombridae Scombriformes Teleostei Ton ray Ton rayé 
Rastrelliger kanagurta Scombridae Scombriformes Teleostei Makro dou Marquereau doux 
Thunnus albacares Scombridae Scombriformes Teleostei Ton zonn Thon 
Thunnus obesus Scombridae Scombriformes Teleostei  Thon gros yeux 
Invertebrates      
Octopus vulgaris Octopodidae Octopoda Cephalopoda  Pieuvre 
Holothuria fuscogilva Holothuriidae Holothuriida Holothuroidea  Holothurie blanche 

à mamelles 
Thelenota ananas Stichopodidae Synallactida Holothuroidea  Holothurie ananas 
Panulirus longipes Palinuridae Decapoda Malacostraca  Langouste 

diablotin 
Panulirus penicillatus Palinuridae Decapoda Malacostraca  Langouste 

fourchette 
Panulirus versicolor Palinuridae Decapoda Malacostraca  Langouste 

barriolée 
Ranina ranina Raninidae Decapoda Malacostraca   
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Appendix D: Data sources of indicators used in the calculating vulnerability in 
Western Indian Ocean island countries/territories  

1. Comoros 

Indicators Variable Values Year Source 
Exposure 
Change in landed 
values or maximum 
revenue potential 
(MRP) 

Percent change in MRP under climate 
change 

     DBEM model 
output 

Sensitivity 
Employment 
  

 Number of fishers 4,820 2018 Teh et al. 
(2022) 

Proportion of economically active 
population (%) in the fishery sector 

12% 2018 ILO database 

Nutritional dependence Fish protein as proportion (%) of all 
animal protein consumed 

24% 2020 
  

FAOSTAT 
database 

Economic dependence Catch (tonnes) 17021 2021 FAO database 
Value of fisheries exports as proportion 
(%) of total exports 

8% 2018 World bank 

Coastal population Proportion of population in coastal 
zones 

14.3 2009 UN Stats 
(2009) 

Adaptive capacity 
Health Life expectancy at birth (years) 63.42 2021 WHO (2024) 
Education Number of people over age 15 that can 

read and write, both sexes (% of 
population) 

                                
61.99 

2021 World Bank 
(2020a) 

Number of tertiary aged people 
enrolled in tertiary education, both 
sexes (% of population) 

                                 
9.63 

2014 
  

World Bank 
(2020b) 

Governance Political stability and absence of 
violence 

                                
39.14 

2022 Kaufmann and 
Kraay (2023) 

Government effectiveness                                   
6.13 

2022 Kaufmann and 
Kraay (2023) 

Regulatory quality 10.85 2022      Kaufmann and 
Kraay (2023) 

Rule of law 8.49 2022 Kaufmann and 
Kraay (2023) 

Voice and accountability 24.64 2022 Kaufmann and 
Kraay (2023) 

Control of corruption 9.43 2022 Kaufmann and 
Kraay (2023) 

Size of the economy GDP per capita (USD) 1,485 2022 World Bank 
(2020c) 

Importance of 
Industrial fisheries 

Proportion of catch by industrial 
fisheries sector to small scale fisheries 
sector 

1.10  2019  SAU (2019) 

Subsidies Proportion of beneficial to total 
subsidies in fisheries 

0.058 2019 Sumaila et al. 
2019 

  



71 

 

 

2. Maldives 

Indicators Variable Values Year Source 
Exposure 
Change in landed values or 
maximum revenue 
potential (MRP) 

Percent change in MRP under 
climate change 

     DBEM model 
output 

Sensitivity 
Employment 
  

 Number of fishers 45,021 2018 Teh et al. 
(2022) 

Proportion of economically active 
population (%) in the fishery sector 

9.10%  ILO database 

Nutritional dependence Fish protein as proportion (%) of all 
animal protein consumed 

62.55%  FAOSTAT 
database 

Economic dependence Catch (tonnes) 143258 2021 FAO database 
Value of fisheries exports as 
proportion (%) of total exports 

4.2% 2018 World bank 

Coastal population Proportion of population in coastal 
zones 

100 2009 UN Stats 
(2009) 

Adaptive capacity 
Health Life expectancy at birth (years) 79.92 2021 WHO (2024) 
Education Number of people over age 15 that 

can read and write, both sexes (% of 
population) 

98 2021 World Bank 
(2020a) 

Number of tertiary aged people 
enrolled in tertiary education, both 
sexes (% of population) 

36.27 2021 World Bank 
(2020b) 

Governance Political stability and absence of 
violence 

69.81 2022 Kaufmann and 
Kraay (2023) 

Government effectiveness 46.70 2022 Kaufmann and 
Kraay (2023) 

Regulatory quality 26.89 2022 Kaufmann and 
Kraay (2023) 

Rule of law 53.30 2022 Kaufmann and 
Kraay (2023) 

Voice and accountability 38.65 2022 Kaufmann and 
Kraay (2023) 

Control of corruption 39.62 2022 Kaufmann and 
Kraay (2023) 

Size of the economy GDP per capita (USD) 11,818 2022 World Bank 
(2020c) 

Importance of Industrial 
fisheries 

Proportion of catch by industrial 
fisheries sector to small scale 
fisheries sector 

0.05   SAU (2019) 

Subsidies Proportion of beneficial to total 
subsidies in fisheries 

0.42 2019 Sumaila et al. 
2019 
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3. Sri Lanka 

Indicators Variable Values Year Source 
Exposure 
Change in landed values or 
maximum revenue potential 
(MRP) 

Percent change in MRP under climate 
change 

     DBEM model 
output 

Sensitivity 
Employment  Number of fishers 281,110 2018 Teh et al. (2022) 

Proportion of economically active 
population (%) in the fishery sector 

 1.4 2020 ILO database 

Nutritional dependence Fish protein as proportion (%) of all 
animal protein consumed 

 45.84% 2021 FAOSTAT 
database 

Economic dependence Catch (tonnes) 280,610 2022 FAO database 
Value of fisheries exports as proportion 
(%) of total exports 

2.58% 2021 World bank 

Coastal population Proportion of population in coastal 
zones 

 12 2009 UN Stats (2009) 

Adaptive capacity 
Health Life expectancy at birth (years)  76.40   021 WHO (2024) 
Education Number of people over age 15 that can 

read and write, both sexes (% of 
population) 

 94  2021 World Bank 
(2020a) 

Number of tertiary aged people 
enrolled in tertiary education, both 
sexes (% of population) 

 22.97  2022 World Bank 
(2020b) 

Governance Political stability and absence of 
violence 

 18.87  2022 Kaufmann and 
Kraay (2023) 

Government effectiveness  35.85  2022 Kaufmann and 
Kraay (2023) 

Regulatory quality 15.56 2022 Kaufmann and 
Kraay (2023) 

Rule of law  52.36  2022 Kaufmann and 
Kraay (2023) 

Voice and accountability  40.10  2022 Kaufmann and 
Kraay (2023) 

Control of corruption  40.09    Kaufmann and 
Kraay (2023) 

Size of the economy GDP per capita (USD)  3,354  2022 World Bank 
(2020c) 

Importance of Industrial 
fisheries 

Proportion of catch by industrial 
fisheries sector to small scale fisheries 
sector 

 0.84     SAU (2019) 

Subsidies Proportion of beneficial to total 
subsidies in fisheries 

0.073 2019 Sumaila et al. 
2019 
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4. Seychelles 

Indicators Variable Values Year Source 
Exposure 
Change in landed values 
or maximum revenue 
potential (MRP) 

Percent change in MRP under climate 
change 

     DBEM model 
output 

Sensitivity 
Employment  Number of fishers  1,289 2018 Teh et al. 

(2022) 
Proportion of economically active 
population (%) in the fishery sector 

 17 2020 ILO database 

Nutritional dependence Fish protein as proportion (%) of all 
animal protein consumed 

48% 2021 FAOSTAT 
database 

Economic dependence Catch (tonnes) 353,675 2022 FAO database 
Value of fisheries exports as proportion 
(%) of total exports 

90% 2021 World bank 

Coastal population Proportion of population in coastal zones  17% 2009 UN Stats 
(2009) 

Adaptive capacity 
Health Life expectancy at birth (years)  73.4  2021 WHO (2024) 
Education Number of people over age 15 that can 

read and write, both sexes (% of 
population) 

 96.2 2021 World Bank 
(2020a) 

Number of tertiary aged people enrolled 
in tertiary education, both sexes (% of 
population) 

 15.3  2019 World Bank 
(2020b) 

Governance Political stability and absence of violence  72.64  2022 Kaufmann and 
Kraay (2023) 

Government effectiveness  73.11  2022 Kaufmann and 
Kraay (2023) 

Regulatory quality 62.26 2022 Kaufmann and 
Kraay (2023) 

Rule of law  65.57  2022 Kaufmann and 
Kraay (2023) 

Voice and accountability  64.73  2022 Kaufmann and 
Kraay (2023) 

Control of corruption  94.34  2023 Kaufmann and 
Kraay (2023) 

Size of the economy GDP per capita (USD)  14,653 2022 World Bank 
(2020c) 

Importance of Industrial 
fisheries 

Proportion of catch by industrial fisheries 
sector to small scale fisheries sector 

 0.90    SAU (2019) 

Subsidies Proportion of beneficial to total subsidies 
in fisheries 

0.40 2019 Sumaila et al. 
2019 
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5. Mauritius 

Indicators Variable Values Year Source 
Exposure 
Change in landed values 
or maximum revenue 
potential (MRP) 

Percent change in MRP under climate 
change 

     DBEM model 
output 

Sensitivity 
Employment  Number of fishers  6,492 2018 Teh et al. 2022 

Proportion of economically active 
population (%) in the fishery sector 

 ~ 2% 2020 ILO database/ 
https://incois.g
ov.in/document
s/iogoos/pdfs/X
-pp11.pdf 

Nutritional dependence Fish protein as proportion (%) of all 
animal protein consumed 

18% 2021 FAOSTAT 
database 

Economic dependence Catch (tonnes) 30,640 2021 FAOSTAT 
(2021) 

Value of fisheries exports as proportion 
(%) of total exports 

20%  2021 Trade Policy 
Review 

Coastal population Proportion of population in coastal 
zones 

 40%  2023  UN Stats 2009; 
Worldometer 

Adaptive capacity 
Health Life expectancy at birth (years)  75.7   2021  WHO (2024); 

Worldometer 
Education Number of people over age 15 that can 

read and write, both sexes (% of 
population) 

 91.9  2020  World Bank 
(2020a); 
(statsmauritius.
govmu). 

Number of tertiary aged people 
enrolled in tertiary education, both 
sexes (% of population) 

 44.39%   2020  World Bank 
(2020b); 
(statsmauritius.
govmu). 

Governance Political stability and absence of 
violence 

 75.47  2022 Kaufmann and 
Kraay (2023) 

Government effectiveness  75.94   2022 Kaufmann and 
Kraay (2023) 

Regulatory quality 84.43  2022 Kaufmann and 
Kraay (2023) 

Rule of law  77.83   2022 Kaufmann and 
Kraay (2023) 

Voice and accountability  65.70  2022 Kaufmann and 
Kraay (2023) 

Control of corruption  65.57   Kaufmann and 
Kraay (2023) 

Size of the economy GDP per capita (USD) 10,256.23 2022 World Bank 
(2020c); 
(ceicdata) 

Importance of Industrial 
fisheries 

Proportion of catch by industrial 
fisheries sector to small scale fisheries 
sector 

 0.70    SAU (2019) 

Subsidies Proportion of beneficial to total 
subsidies in fisheries 

0.72 2019 Sumaila et al. 
2019 
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6. Madagascar 

Indicators Variable Values Year Source 
Exposure 
Change in landed 
values or maximum 
revenue potential 
(MRP) 

Percent change in MRP under climate 
change 

     DBEM model output 

Sensitivity 
Employment  Number of fishers 149,211 2018  Teh et al. 2022 

Proportion of economically active 
population (%) in the fishery sector 

 2%  2020 ILO database 

Nutritional 
dependence 

Fish protein as proportion (%) of all 
animal protein consumed 

20% 2021 FAOSTAT database 

Economic dependence Catch (tonnes) 113,137 2021 FAOSTAT (2021) 
Value of fisheries exports as proportion 
(%) of total exports 

18.2% 2019 FAO 2019 

Coastal population Proportion of population in coastal zones  50%  2009  UN Stats 2009. WCS 
Madagascar 

Adaptive capacity 
Health Life expectancy at birth (years)  65.3 2021  WHO (2024) 
Education Number of people over age 15 that can 

read and write, both sexes (% of 
population) 

 75%  2021  World Bank (2020a) 

Number of tertiary aged people enrolled 
in tertiary education, both sexes (% of 
population) 

 5.5%  2018  World Bank 
(2020b), Index 
Mundi Khoema 

Governance Political stability and absence of violence  25.94  2022 Kaufmann and Kraay 
(2023) 

Government effectiveness 14.62  2022 Kaufmann and Kraay 
(2023) 

Regulatory quality 20.75  2022 Kaufmann and Kraay 
(2023) 

Rule of law  18.40  2022 Kaufmann and Kraay 
(2023) 

Voice and accountability 38.16 
  

 2022 Kaufmann and Kraay 
(2023) 

Control of corruption 17.92  2022 Kaufmann and Kraay 
(2023) 

Size of the economy GDP per capita (USD) 505  2022 World Bank (2020c) 
Importance of 
Industrial fisheries 

Proportion of catch by industrial fisheries 
sector to small scale fisheries sector 

0.27  2019  SAU (2019) 

Subsidies Proportion of beneficial to total subsidies 
in fisheries 

0.65 2019 Sumaila et al. 2019 
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7. Réunion 

Indicators Variable Values Year Source 
Exposure 
Change in landed values 
or maximum revenue 
potential (MRP) 

Percent change in MRP under climate 
change 

     DBEM model 
output 

Sensitivity 
Employment  Number of fishers  1200 2020  Fisheries in 

Reunion 
Proportion of economically active 
population (%) in the fishery sector 

 0.5% 2020 Fisheries in 
Reunion 

Nutritional dependence Fish protein as proportion (%) of all 
animal protein consumed 

<1% 2021 FAOSTAT 
database 

Economic dependence Catch (tonnes) 2,696 2021 FAOSTAT 
(2021) 

Value of fisheries exports as proportion 
(%) of total exports 

N/A    

Coastal population Proportion of population in coastal zones 16.6% 2000 UN Stats 2009 

Adaptive capacity 
Health Life expectancy at birth (years)  82.8 2023  WHO (2024); 

(Worldometer) 
Education Number of people over age 15 that can 

read and write, both sexes (% of 
population) 

 93.9% 2021  CIA 

Number of tertiary aged people enrolled 
in tertiary education, both sexes (% of 
population) 

90%  2023  New World 
Encyclopedia 

Governance Political stability and absence of 
violence 

52.83 2022 Kaufmann and 
Kraay (2023) 

Government effectiveness   
78.77 
  

 2022 Kaufmann and 
Kraay (2023) 

Regulatory quality 80.19 2022 Kaufmann and 
Kraay (2023) 

Rule of law  74.06 2022 Kaufmann and 
Kraay (2023) 

Voice and accountability  N/A N/A Kaufmann and 
Kraay (2023) 

Control of corruption  73.11  2022 Kaufmann and 
Kraay (2023) 

Size of the economy GDP per capita (USD) 26,309  2022 Statista 2024 
Importance of Industrial 
fisheries 

Proportion of catch by industrial 
fisheries sector to small scale fisheries 
sector 

 0.93  2019  SAU (2019) 

Subsidies Proportion of beneficial to total 
subsidies in fisheries 

N/A N/A  
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Appendix E. Changes in Environmental Variables 

 

Figure E1. Sea surface primary productivity (mmol/m3) in the recent past (2000-2010) and their 
projected changes by the mid- (2040-2050) and end-of (2090-2100) 21st century under three 
emissions scenarios. The scenarios and time-frames include SSP1-2.6 (1st column), SSP2-4.5 (2nd 
column), and SSP5-8.5 (3rd column) for the mid-21st century (2nd row) and the end of 21st century 
(3rd row). Black solid line is Maldives’ EEZ. 
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Figure E2. Bottom primary productivity (mmol/m3) in the recent past (2000-2010) and their 
projected changes by the mid- (2040-2050) and end-of (2090-2100) 21st century under three 
emissions scenarios. The scenarios and time-frames include SSP1-2.6 (1st column), SSP2-4.5 (2nd 
column), and SSP5-8.5 (3rd column) for the mid-21st century (2nd row) and the end of 21st century 
(3rd row). Black solid line is Maldives’ EEZ.  
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Figure E3. Surface dissolved oxygen concentration (mmol/m3) in the recent past (2000-2010) and 
their projected changes by the mid- (2040-2050) and end-of (2090-2100) 21st century under three 
emissions scenarios. The scenarios and time-frames include SSP1-2.6 (1st column), SSP2-4.5 (2nd 
column), and SSP5-8.5 (3rd column) for the mid-21st century (2nd row) and the end of 21st century 
(3rd row). Black solid line is Maldives’ EEZ.  
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Figure E4. Bottom dissolved oxygen concentration (mmol/m3) in the recent past (2000-2010) and 
their projected changes by the mid- (2040-2050) and end-of (2090-2100) 21st century under three 
emissions scenarios. The scenarios and time-frames include SSP1-2.6 (1st column), SSP2-4.5 (2nd 
column), and SSP5-8.5 (3rd column) for the mid-21st century (2nd row) and the end of 21st century 
(3rd row). Black solid line is Maldives’ EEZ.  
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Figure E5. Sea surface nitrate concentration (mmol/m3) in the recent past (2000-2010) and their 
projected changes by the mid- (2040-2050) and end-of (2090-2100) 21st century under three 
emissions scenarios. The scenarios and time-frames include SSP1-2.6 (1st column), SSP2-4.5 (2nd 
column), and SSP5-8.5 (3rd column) for the mid-21st century (2nd row) and the end of 21st century 
(3rd row). Black solid line is Maldives’ EEZ.  
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Figure E6. Bottom nitrate concentration (mmol/m3) in the recent past (2000-2010) and their 
projected changes by the mid- (2040-2050) and end-of (2090-2100) 21st century under three 
emissions scenarios. The scenarios and time-frames include SSP1-2.6 (1st column), SSP2-4.5 (2nd 
column), and SSP5-8.5 (3rd column) for the mid-21st century (2nd row) and the end of 21st century 
(3rd row). Black solid line is Maldives’ EEZ.  
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Figure E7. Sea surface pH in the recent past (2000-2010) and their projected changes by the mid- 
(2040-2050) and end-of (2090-2100) 21st century under three emissions scenarios. The scenarios 
and time-frames include SSP1-2.6 (1st column), SSP2-4.5 (2nd column), and SSP5-8.5 (3rd column) 
for the mid-21st century (2nd row) and the end of 21st century (3rd row). Black solid line is Maldives’ 
EEZ.  
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Figure E8. Bottom pH in the recent past (2000-2010) and their projected changes by the mid- 
(2040-2050) and end-of (2090-2100) 21st century under three emissions scenarios. The scenarios 
and time-frames include SSP1-2.6 (1st column), SSP2-4.5 (2nd column), and SSP5-8.5 (3rd column) 
for the mid-21st century (2nd row) and the end of 21st century (3rd row). Black solid line is Maldives’ 
EEZ.  
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Figure E9. Sea surface phosphate concentration (mmol/m3) in the recent past (2000-2010) and 
their projected changes by the mid- (2040-2050) and end-of (2090-2100) 21st century under three 
emissions scenarios. The scenarios and time-frames include SSP1-2.6 (1st column), SSP2-4.5 (2nd 
column), and SSP5-8.5 (3rd column) for the mid-21st century (2nd row) and the end of 21st century 
(3rd row). Black solid line is Maldives’ EEZ.  
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Figure E10. Bottom phosphate concentration (mmol/m3) in the recent past (2000-2010) and their 
projected changes by the mid- (2040-2050) and end-of (2090-2100) 21st century under three 
emissions scenarios. The scenarios and time-frames include SSP1-2.6 (1st column), SSP2-4.5 (2nd 
column), and SSP5-8.5 (3rd column) for the mid-21st century (2nd row) and the end of 21st century 
(3rd row). Black solid line is Maldives’ EEZ.  
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Figure E11. Sea surface seawater velocity (m/s) in the recent past (2000-2010) and their projected 
changes by the mid- (2040-2050) and end-of (2090-2100) 21st century under three emissions 
scenarios. The scenarios and time-frames include SSP1-2.6 (1st column), SSP2-4.5 (2nd column), 
and SSP5-8.5 (3rd column) for the mid-21st century (2nd row) and the end of 21st century (3rd row). 
Black solid line is Maldives’ EEZ.  
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Figure E12. Bottom seawater velocity (m/s) in the recent past (2000-2010) and their projected 
changes by the mid- (2040-2050) and end-of (2090-2100) 21st century under three emissions 
scenarios. The scenarios and time-frames include SSP1-2.6 (1st column), SSP2-4.5 (2nd column), 
and SSP5-8.5 (3rd column) for the mid-21st century (2nd row) and the end of 21st century (3rd row). 
Black solid line is Maldives’ EEZ.  
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Figure E13. Mixed layer depth (m) in the recent past (2000-2010) and their projected changes by 
the mid- (2040-2050) and end-of (2090-2100) 21st century under three emissions scenarios. The 
scenarios and time-frames include SSP1-2.6 (1st column), SSP2-4.5 (2nd column), and SSP5-8.5 
(3rd column) for the mid-21st century (2nd row) and the end of 21st century (3rd row). Black solid 
line is Maldives’ EEZ.  
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Figure E14. Average depth (m). Black solid line is Maldives’ EEZ.  

 




