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Climate Risk Index for Biodiversity (CRIB)
s dme The CRIB is a new climate scorecard

| ). Ghech for upristes

A climate risk index for marine life for marine fish SPECieS that allows us
D e e e o e e ekt B 1 to understand spatial dynamics:

Gabriel Reygondeau™®, Kathryn E. Schleit ™", Nancy L. Shackell ©2, Patricia Sorongon-Yap @7

o s o where, when, and how fish will be

Climate change is impacting virtually all marine llf-a Adam;mon slrmgues will nqunre a robust understanding of the risks
to species and ecosystems and how those p We d p a unified and spatially explicit index to .

comprehensively evaluate the climate rlsls to mnrine life. Under high emissions (55P5-8.5), almost 90% of -25,000 species

are at high or critical risk, with species at risk across 85% of their native distributions. One tenth of the ocean contains ecosys-

tems where the :ggmgabaﬂ :Ihlte risk, aldemlsm and eu‘anﬂm threat of their constituent species are high. Climate change

poses the greatest risk for exploi in law ies with a highd i fisheries, Mitigating emissions
(55P1-2.6) reduces thl risk fer vlrlullly all ies (98.2%), enh; st :llllil‘ib' and disproportionately benefits
food-insecure popul nmmtriu Our climate risk mamnant can help prioritize vulnerable species and
ecosystems for dlm-b-ldlplﬂd marine conservation and fisheries management efforts.




“Risk for any species, anywhere in the ocean”.
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“Risk for any species, anywhere in the ocean”.
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Climate Vulnerability Vs  Stock Assessments
Analyses (CVAs)

Regulatory use: Planning, spatial Regulatory use: Setting total allowable
management, and conservation prioritization catch, fisheries closures

Units: Dimensionless B Units: Biomass, abundance

Input data: Varied ® Input data: Catch, surveys

Output: Scores, rankings, maps ® Output: Allowable catch (TAC)

Life stages: No . Life stages: Yes

Temporal scale: Long-term ° Temporal scale: Short-term

Methods: Varied o Methods: Population models



CRIB Applications




CRIB in the Northwest Atlantic

nature > npjocean sustainability » articles > article

Article | Open access | Published: 24 June 2024

Operationalizing climate risk in a global warming
hotspot

Daniel G. Boyce & Derek P. Tittensor, Susanna Fuller, Stephanie Henson, Kristin Kaschner, Gabriel

Reygondeau, Kathryn E. Schleit, Vincent Saba, Nancy Shackell, Ryan R. E. Stanley & Boris Worm

« Applied the CRIB to the Atlantic ecoregion
 41% of 90 fish stocks evaluated at high climate risk

» Decreased to 25% under low emissions / high mitigation scenario

« Species in NW Atlantic at high or critical risk across ~31% of
their native distribution



Research Highlights

* Harvested species had higher climate sensitivity and
exposure

* Proportion of species with high or critical climate risk were
higher near coastlines

* Lowering emissions most benefited species in nearshore
and high-latitude environments



Climate risk

E . Moderate . High .
o i = - ' '
E ,‘ Thu'nym , SR g : )
b Haddock i i AEY B ]
el : et !
Acaian redfish ' i FLNO-LTI B & v
= : v |
A L0 i 1 . . '
o ' i OO | :
:‘ Hlu-n_a.i_:llh_..m.d?r : : 1‘ .. * :
. - Ty :
] Yellwtzl flounder ! ' e e !
@ Wilh fiaunder ! ol Ll '
E A'.Tmuum 1 lpi.il—.. ]
Z 32 ! we e :
Palicck
2 .- fime SEr | N23-20A8 | i
| | e e *
e W e Green sea urchin | 4T @@ I
o * American lobster | LFA2? @——@ .
e ek Snow crab | aRIPn @ ]
Mt Snow crab | e ' ® !
* American lobster | LFA27-33 @——+—9 I
e Arctic surfclam | INO@: @ I
S * American lobster | LFA19-21 @——— @ I
2 o W Sea scallop | AT® ® "
) st s | E * American lobster | LFA41 @ -@ i
g et B * American lobster | LFA35-38 @ ® L _ i
el b i * American lobster - LFA15-18 @————@ Emission scenarios :
N A Snow crab | INOE® @ W S5P1-2:6 (high mitigation) |
| =] * American lobster LFA3-14 @ @ B SSP5-8.5 (high emissions)
wsanry |l Northern shrimp | SFA13-15 @—@ ' I
- Sl > * American lobster LFAZ4 @ @ '
R = !
ot i i s g \ Emission mitigation effect
b2 i e - T 8-—e 0.000
E “%%g : "‘iﬂ'ji}*.' : 0.025
] & 1 ww::s. 1 = D050
el R IR 2 ! — oors
g‘ PR l-k:m 1 aprs @ @ 1 — 00
K e =3 ! ;
Herring g se 8 : i
0.2 03 04 0.5 06 Figues

Climate vulnerability




Northwest Atlantic Fisheries Organization
(NAFO) Application

* Assessed 14 species at Northwest Atlantic
Fisheries Organization (NAFO) under contract
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Boyce, D.G., Cyr, F. Fuller, S., Schleit, K and Rideout, R.M. In press. Exploring the
impacts of climate change on fisheries resources within the NAFO Convention
Area. Journal of Northwest Atlantic Fisheries Science.
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Northwest Atlantic Fisheries Organization
(NAFO) Application

* Assessed 14 species at Northwest Atlantic
-isheries Organization (NAFO) under contract
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New Zealand Fisheries Application

Phase 1 Literature Review

* Reviewed 75 studies to understand how scientists assess climate
change risks to fisheries, and best approach for New Zealand

* Highlighted five case studies

* Best approaches considered fish biology, fishing infrastructure,
and community resilience

* CVAs help to prioritize resources, inform adaptive strategies,
enhance resilience

Boyce, D.G., Tittensor, D.P., Schleit, K.E., & Fuller, S. (2025). Climate vulnerability and risk assessments in marine
ecosystems, with a special focus on fisheries in Aotearoa (New Zealand). New Zealand Aquatic Environment and Biodiversity

Report No. 367. 50 p. https://fs.fish.govt.nz/Page.aspx?pk=113&dk=26140.



https://fs.fish.govt.nz/Page.aspx?pk=113&dk=26140

New Zealand Fisheries Application
Phase 2: CRIB feedback for domestic stocks

* Consultation with government and stakeholder group - Fisheries
Science Working Group on Biodiversity Research (BRAG)

Feedback and modification:

* Customized to New Zealand - 9 of 11 initial data layers were modified
* Focus on deep-dwelling species

* High spatial resolution

* “Middle of the road” emission scenario



Canada Application & Perspectives

National-scale: Regional-scale:

* Integrating the CRIB into the Climate

. * Applyi RIB to h d ies i
Adaptation Framework for Fisheries pplying CRIB to harvested species In

Atlantic Canada small craft fishing
harbours, supporting the Coastal

Infrastructure Vulnerability Index

(CIVI)

* Evaluated climate risk across
Canadian ecosystems

* Adapting the CRIB for lobster and
snow crab in the Gulf of St. Lawrence.




Canada Application & Perspectives

Formed an ongoing advisory committee with Canadian federal-
level government officials including:

*Fisheries and Conservation Managers
*Policy Managers

*Regional Directors

*Fisheries Research Scientists
*Science Advisors




CRIB:
Fisheries Prototype
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Climate Risk of fish stocks in Canada

Q Search stocks by name or region

Total of (140 | stocks Sort by Name £
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Stock name Overall climate risk Stock status  ~

Layers
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Climate Risk of fish stocks in Canada
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Atlantic Cod
Gadus Morhua

Stocks
The Atlantic cod is a fish of the
< family Gadidae, widely consumed by
= humans. It is also commercially
Layers known as cod or codling.
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CRIB:
Marine Protected Area Prototype
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CRIB Feedback from a Canadian context

Application: Data:
* Minimal climate change integration ® Helpful to filter species based on their
efforts exist in fisheries and habitat

conservation - CRIB helps start
these analyses

* Important to consider risk scores in
relation to identified objectives and
for an ecosystem-based approach

* Consider what an ideal climate
analysis would do and how the
users will apply it

* “Most likely” emission scenarios better
than only high or low emissions

®* Must be able to download and integrate
the data with own analyses

* Interoperability important for use
across other data sources by
managers (i.e. stock assessment tools)



Thank you

Katie Schleit
kschleit@oceansnorth.ca

Amy Irvine
airvine@oceansnorth.ca

wWww.oceansnorth.ca



mailto:kschleit@oceansnorth.ca
mailto:airvine@oceansnorth.ca

CRIB methods

Sensitivity Exposure
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Vs ¢ Vulnerability for species (s) and cell (c)
wS; .. Reliability weight for species (s) and cell (c)
SUS’C: Discount rate for species (s) and cell (c)



CRIB methods

Future state uncertainty: Increases with increasing projection length and reduced ensembles (Wu
et al. 2022, Earth’s Future; Latif, 2011, J. Geochem. Explor.)

w
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projections from fewer models)
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present (sensitivity)
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Boyce et al. 2022, Nat. Clim. Change.



Global climate risk
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Environmental Variables used:

For each species within each grid cell across its geographic distribution that contained sufficient

data, sensitivity, exposure, and adaptivity were calculated as the mean of the four indices that

define them. The standard deviation of the vulnerability dimensions provided an estimate of their
statistical uncertainty and was carried through the subsequent vulnerability calculations using

inverse variance weighting

The models predict the probability of occurrence for each species as functions of bathymetry, upper ocean
temperature, salinity, primary production, and the presence of, and proximity to, sea ice and coasts.

Daily SST estimates were obtained
from the NOAA 0.25° daily Optimum Interpolation Sea Surface Temperature Dataset (OISST)

The human impacts (HI) index represents the integration of 17 global anthropogenic drivers of ecological
change,

including fishing pressure, pollution, invasive species, eutrophication, climate change, and others. The HI
estimates were available at a global 1 km:native resolution and were statistically rescaled to a 0.25° grid
across the AOS using bilinear interpolation. Bathymetry values were extracted from the General
Bathymetric Chart

of the Oceans (GEBCO) on a native 15 arc-second interval grid and were statistically rescaled to a 0.25°
grid by taking the mean
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