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Introduction 

The EU Horizon project FutureMARES (2020-2024) was designed to develop science-based 
advice on viable actions and strategies to safeguard biodiversity and ecosystem functions to 
maximise natural capital and its delivery of services from marine and transitional ecosystems in a 
future climate. The program investigates effective habitat restoration, conservation strategies and 
sustainable harvesting at locations across a broad range of European and other marine and 
transitional systems. The restoration of habitat-forming species (plants or animals) and habitat 
conservation (e.g. marine protected areas, MPAs) represent two nature-based solutions (NBS) 
defined by the EU as "resource efficient actions inspired or supported by nature to simultaneously 
provide environmental, social and economic benefits that help to build resilience to change". A third 
action that will interact with these two NBS and have positive effects on marine biodiversity is 
nature-inclusive harvesting (NIH) such as the sustainable farming of plants and animals at the base 
of marine food webs and ecosystem-based management practices for traditional (artisanal) and 
commercial fisheries. FutureMARES will advance the state-of-the-art forecasting capability for 
species of high conservation value, explore new and less carbon intensive aquaculture production 
methods, perform modelling analyses geared towards informing the development of climate-smart 
marine spatial planning approaches, and provide an assessment of ecosystem services based on 
scenarios of climate change and the implementation of NBS and NIH. 

This document provides a multi-disciplinary summary of activities conducted in FutureMARES in a 
specific area on specific NBS and/or NIH. The activities include work across various disciplines 
including marine ecology (analyses of historical time series and experiments performed in the field 
and laboratory), climate change projection modelling (future physical, biogeochemical and 
ecological changes), economic analyses, social-ecological risk assessments. Many of these 
components and analyses, including NBS / NIH scenarios tested, were co-developed with local 
and regional stakeholders through regular engagement activities. The work presented in these 
Storylines represent activities conducted by a large number of FutureMARES project partners. 
Broader comparisons and syntheses (across regions and/or topics) are provided in the 
FutureMARES deliverable reports (www.futuremares.eu) submitted to the European Commission. 

 
NBS regional context  

The Juan Fernández Archipelago (JFA) consists of the volcanic islands Alejandro Selkirk 
(33°45'31.79 "S; 80°47'32.68 "W), Robinson Crusoe Island (33°38'33.26 "S; 78°50'43.54 "W) 
and the smaller Isla Santa Clara, immediately south of Robinson Crusoe, which form the 
marine province and ecoregion Juan Fernández y Desventuradas (Spalding et al. 2007), more 
recently redefined as two distinct ecoregions (Squeo et al. 2012, Friedlander et al. 2016, Rovira 
& Herreros 2016). The main island, Robinson Crusoe, is the only inhabited island and is 
located approximately 650 km in a straight line from the coast of continental Chile, off San 
Antonio (Valparaíso). With subtropical characteristics, its waters are warmer than those close 
to the continent at the same latitude, but colder in winter.  
Given its oceanic location and isolation, the ecosystems of the JFA have species that are 
unique in the world or endemic to the archipelago of Juan Fernández and Desventuradas. In 
the nearshore coastal areas of the islands, it is possible to find more than 700 species of algae, 
invertebrates and fish, with high endemism, including the Juan Fernández spiny lobster (Jasus 
frontalis) and the Juan Fernandez fur seal (Arctocephalus philippii). The coastal fishes of this 
province have the highest levels of endemism known (95%) for any marine ecosystem 
(Friedlander et al. 2016). The islands of the JFA are part of a seamount system that has a rich 
biodiversity of cold-water corals, crustaceans, sponges, and many other animal groups of great 
research importance and potentially genetic value (Yanez et al., 2009). Samples from seafloor 
dredges, taken from seamounts in the JFA, show a high biodiversity with 409 invertebrates 
collected. These represent important groups of species such as Echinoidea (Echinacea),  
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Polychaeta, Porifera, Actinaria and Asteroidea (Yanez et al., 2009). Bottom corals in these 
areas are particularly fragile and rare. More recent studies conducted by ESMOI as part of the 
CIMAR 22 Islands cruise have revealed a unique biodiversity associated with these mountains 
(Tapia et al. 2021, Wagner et al. 2021). The JFA is the nesting site for bird species such as 
the Great Crested Shearwater, and occasional visitors to the JFA include marine mammals 
such as whales and dolphins, as well as sea turtles. 

 
Figure 1: (A) Fisherman from Selkirk Island, holding a male Juan Fernandez lobster (Jasus frontalis). 
(B) A lobster fishing boat loaded with traps goes to sea. Credit: Ernst et al. 2013 

In summary, the representative habitats of the JFA are seamounts, especially shallow ones, 
coastal subtidal environments, mostly rocky bottoms and sites of settlement and reproduction 
of birds and marine mammals, especially endemic species. Recent ESMOI studies highlight 
the importance of this area for seabird biodiversity in the South Pacific (Portflitt 2019, Wagner 
et al. 2021). 
Lobster fishing is the main source of income for the small permanent community living on 
Robinson Crusoe Island (San Juan Bautista, population ~926, commonly called Robinson 
Island) and a temporary fishing village on Selkirk Island (about 25 fishermen and their families) 
that is occupied only during the fishing season (October to May). The fishery has been 
managed under a dual system, with formal and informal components. Formal regulations, 
established first, consist of an “SSS'' strategy: legal size, season, no egg-carrying females 
(Ernst et al. 2010). 

Until the recent introduction of a moratorium, no formal effort control of any sort was in force, 
other than gear type (“no diving”). An effective but unwritten sea-tenure system had put a cap 
on the size of the fishing force for decades (Ernst et al. 2010). Each fisherman or fisherman’s 
family member may “own” a certain number of fishing spots, known as marcas, where lobster 
traps are deployed, one per spot. Use and transfer of rights over marcas, which are identified 
by alignments to land features, are regulated by informal but well-established internal set of 
rules. Thus, the small population that lives in this insular system has developed a unique fishing 
activity, with a management system that has allowed them to maintain sustainable catch levels 
for more than a century. The isolation that has allowed the maintenance of a system of high 
biological diversity and endemism also represents a threat to this unique socio-ecological 
system. 

Activities in FutureMARES include providing information needed to evaluate the design of a 
network of five small coastal marine parks, one large scale marine park and one multiple-uses 
marine protected area (NBS2) recently declared in JF. The management plan for all JF's MPAs 
has recently been finished and needs to be implemented soon. The network of JF’s MPAs is 
expected to increase the resilience of the environment in terms of climate change potential 
impacts, species adaptation capacity and risk analysis.  
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In relation to sustainable harvesting (NBS3), JF fishermen have been conducting sustainable 
lobster fisheries for more than a century based on a traditional management system. Based 
on this, it is not possible to do interventions in this traditional fishing system, however, the 
results of the modelling of oceanographic characteristics under climate change scenarios will 
be reported and shared with the community, so that fishermen can take actions in the face of 
future scenarios of change, allowing the adaptation of the fishing system in the face of potential 
changes. 

 
Figure 2: Geographic area of the Juan Fernández spiny lobster (Jasus frontalis) fishery. Credit: Ernst et al. 2010 

Projected impacts of climate change 
 
The projected change in sea surface temperature (SST) in the South-eastern Pacific (SEP) 
region is comparable in magnitude to the warm anomalies of El Niño, and consists in an 
elongated warming tongue along the coast of Peru/Chile originating from the equatorial region. 
This warming water mass affects upwelling dynamics in a way that is still debated. In a future 
climate, the warmer tropics yield an expansion of the Hadley cells to the mid-latitudes which 
increases upwelling favourable winds off Central Chile, while no clear tendency in the winds 
can be identified from the climate models off Peru. The SEP also hosts one of the largest 
oxygen minimum zones (OMZs) in the world, which is predicted to expand in the warmer 
climate, also a large spread in the climate models still exists (CMIP5 and CMIP6) resulting in 
a low confidence of the projections (Dewitte et al. 2021). 
 
Climate model projections indicate a significant deoxygenation (most intense around ~ 300m) 
in the JFA area, while the surface waters (first 200m) will warm by ~2°C by 2075 according to 
the RCP8.5 scenario (see figure below). However, since JFA is located near the limit of the 
OMZ that is predicted in some models to be more ventilated in the warmer climate (i.e. 
reoxygenation inside the OMZ), compensating effects on the metabolism of some marine 
species could take place. In the upper layers (0-500 m) between 72° and 76°W, higher O2 
demand due to warmer waters could be compensated by higher O2 supply. Changes are 
expected in connectivity patterns between island and seamount systems (between the Juan 
Fernandez and the Desventuradas archipelagos) due to the overall increase in mean 
northward surface flow and changes in mesoscale activity due to the increased stratification. 
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Figure 4: Effect of climate change on the oceanic conditions along a section at 34°S (Juan Fernandez 
Archipelago) as simulated by the CESM Large Ensemble model: Difference in mean conditions between the 
present (1950-2005, “historical” scenario) and the future (2050-2100, RCP8.5 scenario) for (a) temperature and 
(b) dissolved oxygen. The blue and red lines stand for the 15°C isotherms in (a), and for the oxygen minimum 
zone limit (i.e. [O2] < 1mL/L) in (b), for the (blue) present and (red) future climates. Note the deepening of the 
15°C isotherm (a proxy for thermocline depth) by ~40m in the warmer climate and the increase in oxygen content 
in the vicinity of the oxycline (orange colour, ~30 μmol/kg). The black dots in (b) correspond to the location where 
the change in oxygen concentration is not significant at the 99% level according to a Wilcoxon rank sum test. 
Topography from observed data corresponds to the seamounts and islands within ±1° around 34°S. Credit: 
Adapted from Dewitte et al. (2021) 

 
Scenarios describing future society and economy 

There are no assessments of lobster sensitivity to changes in oxygen and/or temperature, so 
it is difficult to make predictions about the effects of climate change on lobster populations. 
However, in the presence of negative changes, either in population levels or changes in their 
distribution, it is possible to predict serious deleterious effects on the island's economy, which 
will have strong social repercussions, due to the high economic dependence on the lobster 
fishery. This could generate a cascade effect, since, to compensate for associated economic 
losses, the fishery may target other resources with potentially deleterious implications for the 
socio-ecological system. 

Scenarios describing future society and economy 

FutureMARES will develop policy-relevant scenarios based on commonly used IPCC 
frameworks including SSPs and RCPs. These broad scenarios are regionalised based on 
stakeholder perspectives to guide activities such as model simulations in specific Storylines. 
Each of these scenarios has implications for the three NBS examined in this program (effective 
restoration, effective conservation, sustainable seafood harvesting): 
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Global Sustainability (SSP126) - Low challenges to mitigation and adaptation 

The world shifts gradually but pervasively to a more sustainable path, emphasising inclusive 
development that respects perceived environmental boundaries. Management of the global 
commons slowly improves, investments in educational and health accelerate lower birth and 
death rates, and the emphasis on economic growth shifts to an emphasis on human well-
being. Societies increasingly commit to achieving development goals and this reduces 
inequality across and within countries. Consumption is oriented toward lower material growth, 
resource and energy intensity. 

National Enterprise (SSP385) - High challenges to mitigation and adaptation 

A resurgent nationalism, concerns about competitiveness and security, and regional conflicts 
push countries to focus on domestic or regional issues. Policies shift over time to be oriented 
more on national and regional security. Countries focus on achieving energy and food security 
goals within their own regions at the expense of broader-based development. Investments in 
education and technological development decline. Economic development is slow, 
consumption is material-intensive, and inequalities persist or worsen over time. Population 
growth is low in industrialised countries and high in developing ones. A low international priority 
for addressing environmental concerns leads to strong environmental degradation in some 
regions. 

World Markets (SSP585) - High challenges to mitigation, low challenges to adaptation 

The world increasingly believes in competitive markets, innovation and participatory societies 
to produce rapid technological progress and train and educate people for sustainable 
development. Global markets become more integrated and strong investments in health, 
education, and institutions are made to enhance human and social capital. The push for 
economic and social development is coupled with exploiting abundant fossil fuel resources 
and adopting resource and energy intensive lifestyles around the world. All these factors lead 
to rapid growth of the global economy, while global population peaks and declines in the 21st 
century. Local environmental problems like air pollution are successfully managed. There is 
faith in the ability to effectively manage social and ecological systems, including by geo-
engineering if necessary. 

 

 

Figure 4: Representation of three, broad scenarios to be regionalised to guide activities 
such as model simulations in FutureMARES project. Credit: FutureMARES 
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FutureMARES research needs 

Better understanding of the fine-scale circulation in the seamount and island system from high-
resolution regional modelling is needed to buttress sustainable (climate-ready) seafood 
harvesting in the JFA. 
 
There are no assessments of lobster sensitivity to changes in oxygen and/or temperature, so 
it is difficult to predict how climate change will influence lobster populations. In a future climate, 
the lobster population may have individuals with physiological characteristics that will provide 
some resilience to climate-driven warming and/or deoxygenation. However, better knowledge 
of physiological tolerance of lobster juvenile to hypoxia and warming, and their combined 
effects is needed. 
 
In the presence of negative changes in the lobster population (either in population levels or 
changes in distribution), it is possible to predict serious deleterious effects on the island's 
economy, which will have strong social repercussions, due to the high economic dependence 
on the lobster fishery. This could generate a cascade effect, since, to compensate for 
associated economic losses, the fishery may target other resources with potentially deleterious 
implications for the socio-ecological system. A better understanding of climate change 
perception as well as the source of climate risks for the JFA local community is needed. For 
example, ocean warming and/or deoxygenation may reduce or change lobster populations, or 
produce migration affecting fisheries activities, catches and economy of the island.  

 
Figure 5: Stakeholder meetings. Credit: Jaime Aburto 

 
FutureMARES research (T = Task – see program structure at futuremares.eu) 

• T1.1 Collect distribution and habitat data to describe the thermal niche of spiny 
lobsters and other key economic and ecological species; 

• T2.1 Extract hindcast and projection data from CMIP6 archive and Large ensembles 
and downscaling models; 

• T2.2 Uncertainty analysis of CMIP6/downscaling model projections; 
• T2.3 Identify hotspots and refugia for the islands and MPA areas; 
• T5.1 Perform climate risk assessments on key ecological components of the system; 
• T5.3 Perform Socio-ecological climate risk assessment to the local fishing community 

including an analysis of available data on landings and crustacean fishery monitoring 
program reports and by using a socioeconomic survey (also climate and non-climate 
perceptions);  

• T6.3 Create implementation strategies for local MPA network designs and for local 
fishing communities to increase the effectiveness of conservation, sustainable 
harvesting and their interaction;  

• T8.1 Local stakeholder engagement with fishers to regionalise FutureMARES 
scenarios and define analyses to provide to the local management council science-
based advice to take decision on activities in the MPA. 
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Storyline Contact 
 
Jaime Aburto (ESMOI-UCN) - jaburto@ucn.cl  
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