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1. The role of oceanographic connectivity in future distribution changes;
how oceanographic barriers can limit species tracking suitable conditions

2. A bridge to MPA conservation;
how MPA designation can consider oceanographic connectivity

* a subset of studies using marine forest species with low dispersal potential.
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—— Fossil fuel development

—— Sustainability

The SSP scenarios allow exploring the different trajectories of future climates.

Sustainable scenarios of low emission trajectories, under the Paris Agreement expectations
(warming 1.5-2°C), to scenarios of fossil fuel development (warming > 4°C).
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Regardless of the ecological group, higher emissions lead to more
aggressive biodiversity shifts. A general patterns of species losses at
equatorial regions and increases at higher latitudes.
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Global surface temperature, increase above pre-industrial (°C)

Breaking records on global temperatures and greenhouse gas emissions, monthly.

January 2025 with 1.75°C above the pre-industrial levels (Copernicus), already
bordering or above the Paris Agreement target of 1.5-2.0°C
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SSP5-8.5 —T1 Fossil-fuel development

SSP3-7.0

SSP2-4.5 — Non-sustainability

Without aggressive climate action, climate researchers place us on track
to ~3°C warming (UN), leaving behind future sustainability scenarios.
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species [-] I 5 Bl [+] species Pronounced biodiversity shifts

Species richness changes

Regardless of the ecological group, higher emissions leads to more
aggressive biodiversity shifts. A general patterns of species losses at
equatorial regions and increases at higher latitudes.



MARINE >
PROTECTED 3~
AREAS
EUROPE

: Suitable conditions
~ Safeguarded population

Where populations are allowed to persist locally, there are numerous
opportunities for long-term conservation of species under climate change.



Extreme conditions Suitable conditions
Population at risk Safeguarded population

But, where climate threatens populations, their persistence relies on
their ability to move and track environmental changes.

In the near future populations need to disperse to suitable areas.
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Historically, marine ecosystems were considered open, with populations
moving freely over large spatial scales.

Studies systematically show species made of distinct populations,
even for migratory species. Implies the presence of barriers to
dispersal, i.e., to the movement of individuals between populations.
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Population movement is shaped by the patterns of ocean currents and
the time a species is able to live in the water column (e.g., larvae).

Favorable ocean currents between populations / species with high dispersal
potential allows connectivity, while oceanographic barriers / low dispersal
potential can lead to strong population isolation.
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r' Dispersal barrier

Extreme conditions Suitable conditions
Population at risk Safeguarded population

While species track suitable conditions, ocean currents may shape
dispersal barriers, blocking movement, leaving them at risk.

What is the actual impact of oceanographic barriers on
species shifting ranges under climate change?
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Biophysical modeling estimate population connectivity.

Virtual particles (e.g., fish larvae) follow the direction
and intensity of ocean currents in a virtual ocean.

Can run globally, using decades of high-resolution
ocean current data (e.g., Copernicus).

Connectivity events between locations are recorded.
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Present Range of species

Future Extinction Persistence Expansion

Future Extinction Persistence Expansion _
Range shifting » ~— Dispersal barrier

Connectivity estimates between locations can be integrated in
distribution models projecting the distribution of species.

To test the effect of dispersal barriers, comparisons of distributions
between the present and the future considering:

(1) unlimited range expansions to suitable areas; (2) restricted range
expansions due to oceanographic barriers.
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Under high emissions, substantial range expansions (>20% of their present
distribution). Considering dispersal barriers restricted the future
colonization of new habitats by ~55%, i.e., half of habitats are not colonized.

Implying that numerous populations might not be safeguarded.
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r— Dispersal barrier

Extinction Persistence Expansion

The effect of these barriers can leave numerous regions uncolonized, like in
the NW Pacific, New Zealand, the Arctic and the central Mediterranean Sea,
increasing the negative impacts of climate change.

Strategically considering oceanographic connectivity in MPA designation
can help ensuring that even limited connectivity is safeguarded.



The post-2020 global biodiversity framework, endorsing the protection of
30% of the oceans with a focus on areas with richer biodiversity, through
a climatically resilient, well-connected network of MPAs.
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To assist MPA designation, MPA Europe using biophysical modeling to estimate
oceanographic connectivity and identify areas that promote higher population
connectivity, important to facilitate range shifting under climate change.
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macroalgae forests

Population differentiation data for macroalgae (low dispersal potential)
compiled for 700 populations of 30 species.
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Population differentiation data for mangroves (high dispersal potential)
compiled for 1250 populations of 20 species.
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Cystoseira tamariscifolia (microsatellites)
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Predicted genetic differentiation [Oceanographic transport]

Biophysical modelling estimated oceanographic connectivity between species
populations, largely matching observed population differentiation data.
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Rhizophora apiculata (SNP)
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Predicted genetic differentiation [Oceanographic transport]

Biophysical modelling estimated oceanographic connectivity between species
populations, largely matching observed population differentiation data.
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Regardless of the dispersal potential, the species, and the region, oceanographic

connectivity explained population differentiation (~45% of variability explained).

Strong implications for species shifting ranges under climate change.

Species Region Marker PD Studies Pop. R’ R’improvement over distance r rimprovement over distance
Acanthus ilicifolius IWP Mic 70 1 6 0.11 L] 0.38 | *

Aegiceras corniculatum IWP Mic,SNPs 10 2 25 0.51+£0.19 Q@@ 0.71£0.13 ©e® |

Avicennia alba IWP Mic 40 1 12 0.20 . 0.45 .

Avicennia germinans AEP Mic,SNPs,AFLP 90 6 77 067:030 @ . @  0.80:0.23 t . ®
Avicennia marina IWP Mic,SNPs 10 9 85 0.46:021 @ o @ 0.68+0.14 o @

Avicennia officinalis IWP Mic 40 2 11 0.84+0.19 O . O 0.91+£0.10 O e @
Avicennia schaueriana AEP Mic 40 1 10 0.64 L 0.80 e | |
Bruguiera gymnorrhiza WP Mic,SCNG,Rgs Ae 40 5 35 049:029 | @ '@ 0 0.6840.22 @ o+ O
Kandelia obovata IWP Mic, AFLP 70 2 14 0.35+0.02 a0 0.61 o0
Laguncularia racemosa AEP Mic,Rgs,RAD-seq 60 3 40 0.35+0.18 | @e @ 0.58+0.15 |@ & @ | |
Lumnitzera racemosa IWP Mic 20 1 6 0.09 ] 0.35 . |

Pelliciera rhizophorae AEP Mic 110 1 9 0.65 | . | | 0.81 .

Rhizophora apiculata IWP  Mic,SNPs,SCNG,Rgs 90 3 44 0.47+0.21 Q o @ 0.67+0.16 |@ - .
Rhizophora mangle AEP Mic,Rgs,RAD-seq 180 9 117 0.28+0.10 @ e O 0.54+0.08 . | | @
Rhizophora stylosa/mucronata  IWP Mic,Rgs,SCNG 140 7 108 0281013 @ @ 0.5240.15 t -0 |
Rhizophora racemosa AEP Mic 140 1 7 0.70 ] 0.84 ]

Sonneratia alba IWP Mic 70 2 36 0.47+0.08 Oe® 0.69+0.06 |Oe@®

Sonneratia caseolaris IWP SCNG 70 1 11 041 |e 065 |e

Xylocarpus granatum IWP Rgs 60 1 25 0.20 ™ 0.44 ™

Xylocarpus moluccensis IWP Rgs 180 1 14 0.40 ] 0.65 L

0 0.25 0.50 0.75 0 0.25 0.50 0.75
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