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Connectivity and Climate Change
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UNGA Resolution 77/118 UNGA Resolution 71/123

“...to identify and overcome barriers to the “to take into account the potential impacts
implementation of the relevant paragraphs  of climate change and ocean acidification in
of General Assembly resolutions 64/72, taking measures to manage deep-sea
66/68 and 71/123 such as data availability, fisheries and protect vulnerable marine
eﬁpeciall'ylv(\gi'th rgga'rd to bdaseline data an? ecosystems”
the spatial distribution and connectivity o :
vulnerable marine ecosystems...”. UNGA Resolution 77/118
“including by identifying areas, based on
scientific information, where ofeep—water
species and VMEs are likely to better
survive such impacts, and by establishing
measures to support their resilience”



High-resolution
ocean model
products are valuable
tools for assessing
both connectivity and
impacts of climate
change



Connectivity can be assessed by modeling particle dispersal

using data on current velocities
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WANG, S., E.L. KENCHINGTON, Z. WANG, |. YASHAYAEV & A.J. DAVIES, 2020. 3-D Ocean particle tracki1g\"
modeling reveals extensive vertical movement and downstream interdependence of closed areas in the

northwest Atlantic. Nature Scientific Reports 10, 21421 (2020). https://doi.org/10.1038/s41598-020-76617-x



Climate change
impacts can be
assessed by
modeling species
distributions using

water column
variables

Table 1. Water column variables. Max: Maximum; Min: Minimum.

Native

Variable Abbreviation Metric Unit Resolution
Bottom Salinity BS Mean, Max, Min, Range  N/A* 1/122 lat/long
Bottom Temperature BT Mean, Max, Min, Range  °C 1/122 |at/long
Bottom Current BCS Mean, Max, Min, Range ms’! 1/122 lat/long
Speed

Bottom Stress BStr (73) Mean, Max, Min, Range ~ Pa=kg/ms* 1/122|at/long
Surface Salinity SSS Mean, Max, Min, Range  N/A* 1/12¢9 lat/long
Surface Temperature  SST Mean, Max, Min, Range  °C 1/12¢2 Jat/long
Mixed Layer Depth MLD Mean, Max, Min, Range m 1/12¢ lat/long
Summer MLD MLDx, Mean, Max, Min, Range m 1/122 |at/long
Fall MLD MLD: Mean, Max, Min, Range m 1/12¢ |at/long
Winter MLD MLDy Mean, Max, Min, Range m 1/122 lat/long
Spring MLD MLDs, Mean, Max, Min, Range m 1/12¢ jgylong

direct mass measurement.

*Salinity is considered unitless because it's defined as a ratio of conductivity, rather than a
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the northwest Atlantic. Frontiers in Marine Science 9; 863693




|dentification of Climate
Change Refugia

“identifying areas, based on
scientific information, where
deep-water species and VMEs
are likely to better survive
such impacts”
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Environmental variables (mean, max, min, range):

* sea surface temperature (SST)

e bottom temperature (BT)

¢ sea surface salinity (SSS)

e bottom salinity (BS)

e mixed layer depth (MLD) (annual and for each of four seasons)
e bottom current speed (BCS)

e bottom stress (t,)

Simulations from each of four Shared Socio-economic Pathways:

e SSP1-2.6
e SSP2-4.5
e SSP3-7.0
e SSP5-8.5

Four time periods:

e P1 (near term): 2020-2039,
e P2 (mid term): 2040-2059,
e P3 (mid term): 2060-2079, and
e P4 (end of century): 2080-2099




Image: Mountains in the Sea Research Team; the IFE Crew; and NOAA
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Analogous conditions (yellow) to the reference period (1993-2014) projected for P1 (near-term:
2020-2039 under SSP2-4.5 or ‘middle of the road’ emissions. S
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Analogous conditions (yellow) to the reference period (1993-2014) projected for P2 (mid-term): 2044-
2059 under SSP2-4.5




Variable

P1SSP2-4.5

Minimum bottom temperature
Depth proxy

Mean summer mixed layer depth
Minimum sea surface temperature
Range in bottom stress

. P1 (near-term): 2020-2039

P2 SSP2-4.5

Minimum bottom temperature
Depth proxy

Mean summer mixed layer depth
Minimum sea surface temperature
Range in bottom stress

Covariate

Nane
CHNETBLS
BT_min
SST_min

BStr_range

Il 0 su_mean

P2 (mid-term): 2040-2059

Covariate

None
CHNETBL3
BT_min
SST_min

BStr_range

Il #1050 mean




Minimum Bottom Temperature (°C)

Reference P1 SSP 1-2.6 P4 SSP 5-8.5
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Source Black Coral Patch
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WANG, S. et al. 2024. Quantifying the effects of habitat fragmentation in
deep-sea vulnerable marine ecosystems. Diversity and Distributions 30

46°W

(5):e13824. https://doi.org/10.1111/ddi.13824

44°W
BC1 and BC2 warrant particular conservatian

attention VRN



* Present-day conservation areas closed to bottom-
contact fishing may remain relevant in the near
term, especially on Flemish Cap, but their
effectiveness as climate refugia is likely to decline

Relevance to substantially by mid- to late century under most
scenarios.

Cl Imate- * This challenges the effectiveness of the current
configuration of closed areas in future and supports
| nfO m ed the need for monitoring and periodic re-evaluation.

Decisio N * For black corals in NAFO, areas such as BC1 and BC2

may warrant particular attention because they

|\/| 3 k| ng combine present ecological significance, relative
persistence of analogue conditions in the short to

medium term, and an important role in larval

exchange, while also being at least partially

protected by bottom-fishery closures. “:-’
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Nov 2026: Seven Focal VME Habitats
. Large-sized sponges

. Large gorgonian corals

. Stalked tunicates

. Sea pens

. Small gorgonian corals ﬁ
. Black corals
Erect bryozoans
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Key Message

End-of-century
conservation of long-
lived sessile marine
species (VMEs)
depends on
protection of
environmentally
analogous and SN (17
connected areas Rt U » o

Q

odeling Subgroup of the NAFO Scientific Council
psystem Science and Assessment (WG-ESA)




