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Climate Change Vulnerability/Risk Assessments

|s the species already
imperiled?

What is the magnitude of
impact climate change will

have? :
Can the species adapt or

shift in distribution?

Boyce et al. 2022: Climate Risk Index for Biodiversity (CRIB):
Quantitative

Considers other stressors

Open “big” data sources

Originally developed for marine ecosystems

Generalized and flexible — broadly applicable ecological concepts




Adapting CRIB for freshwater ecosystems

|s the species already
imperiled?

What is the magnitude of
impact climate change will

have? :
Can the species adapt or

shift in distribution?

Some indices removed, e.g., global distributional range, proportion of
global temperature range within tolerance range, depth range.

- Assumptions: watershed fidelity — vulnerability based on individual
watersheds, not regional range of species.




Freshwater-adapted CRIB

What is the magnitude of Is the species already

impact climate change will imperiled?

have?

Exploitation status

Projected habitat loss
Timing of emergence
from thermal niche
Velocity of warming
Magnitude of change in
extreme precipitation Projected ecosystem
frequency disruption

Thermal pressure/safety
margin

Other anthropogenic
stressors

Quantitative (scaled o-1), generalized and flexible, uses widely accessible data

Can the species adapt or
shift in distribution?

Historical thermal
variability

Amount of habitat
Connectivity of habitat

Body size as a proxy for
life history




INPUT DATA

INDICES

Freshwater-adapted CRIB
Methodology
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Methods and data sources T

What is the magnitude of
impact climate change will
have?

Projected habitat loss

Timing of emergence
from thermal niche
Velocity of warming
Magnitude of change in
extreme precipitation
frequency

visualizations.

ClimateData.ca is a climate data portal produced
collaboratively by the country’s leading climate organizations
and supported, in part, by the Government of Canada. The
goal of this portal is to support decision makers across a
broad spectrum of sectors and locations by providing the
most up to date climate data in easy to use formats and

ClimateData.ca is supported by the Canadian Centre for

| S th e S p e Ci e S a | re a d y Climate Services (CCCS) of Environment and Climate

imperiled?

about the CCCS services.

- Exploitation status

- Thermal pressure/safety
margin
Other anthropogenic
stressors

Projected ecosystem
disruption

Change Canada as part of its efforts to provide Canadians
with easy access to climate related data and to help increase
their resilience to climate change. Click Here to learn more

- Amount of habitat
- Connectivity of habitat

Canadian Centre for Climate Services, Environment and
Climate Change Canada -- 24 statistically downscaled
climate scenario datasets, 3 emissions scenarios, from the
Coupled Model Intercomparison Project Phase 5 (CMIP5).
- Monthly mean and max near-surface (~1.5m) air
temperature at 10km? resolution (2005-2100)
Monthly total precipitation (mm), 1950-2100




Time of thermal emergence

Thermal safety margin
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Methods and data sources

What is the magnitude of Is the species already
impact climate change will imperiled?
have? :
Exploitation status Cﬁ_?tt_hed?’pte%ei_adgpt of
P,rOJ_eCted habitat loss Thermal pressure/safety SHITEIN GIstrbution:
Timing of emergence margin
from thermal niche H H . Historical thermal
Velocity of warming Other anthropogenic variability
Magnitude of change in stressors .
L : Amount of habitat
extreme precipitation Projected ecosystem o _
frequency disruption Connectivity of habitat

Body size as a proxy for
Average proportion of "extreme" life history

(sd > 1) days per year over 2075-2100




Methods and data sources

What is the magnitude of Is thf Committee on the Status of
impact climate change will iImpq Endangered Wildlife in Canada

have?
- Exploitation status Can the species adapt or
?.roj.eCte? habitat loss T Thermal pressure/safoty shift in distribution?
iming of emergence margin
from thermal niche - Historical thermal

Velocity of warming - Other anthropogenic variability

: - stressors
Magnitude of change in - Amount of habitat

extreme precipitation - Projected ecosystem

frequency disruption - Connectivity of habitat

- Body size as a proxy for
life history
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Methods and data sources
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Index Results

Atlantic salmon
(Salmo salar)




Atlantic Salmon | rcp26

Habitat Loss by 2100

What is the magnitude of
impact climate change will
have?

- Projected habitat loss
- liming of emergence

Habitat Loss by 2100

from thermal niche

- Velocity of warming

- Magnitude of change in .,
extreme precipitation 68 66 64 62 60
frequency Atlantic Salmon | rcp85
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Atlantic Salmon | rcp26 Atlantic Salmon | rcp26

Time of Emergence

2100 Time of Emergence

2070

2040
I 2010

What is the magnitude of

impact climate change will
have?

Time of Emergence

2100 Time of Emergence

- Projected habitat loss

- Timing of emergence
from thermal niche

2070

. 2040
I 2010

- Velocity of warming
- Magnitude of change in
extreme precipitation

frequency
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What is the magnitude of
impact climate change will
have?

- Projected habitat loss
- Timing of emergence

- Velocity of warming

Vlagnitude ot change In
extreme precipitation
frequency
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Drought and Flood Risk - rcp26
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- Projected habitat loss
- Timing of emergence
from thermal niche
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Atlantic Salmon

48

Population Status

Is the species already \ I1.00
’ 0.75

imperiled?
0.50

- Exploitation status 020
o 0.00

- Thermal pressure/safety
margin

- Other anthropogenic
stressors

- Projected ecosystem
disruption

Population Status Risk

Committee on the Status of
Endangered Wildlife in Canada
(COSEWIC assessment)




|s the species already
imperiled?

- Exploitation status

- Thermal pressure/safety
margin

- Other anthropogenic
stressors

- Projected ecosystem
disruption
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|s the species already
imperiled?

- Exploitation status

- Thermal pressure/safety
margin

- Other anthropogenic
stressors

- Projected ecosystem
disruption

Low

Medium

Other anthropogenic stressors

Un-paved roads, impervious surfaces, non-native fish, percent
areal coverage of clear cut forests, crop land, and pasture land,
point-source pollution (metal, nutrients, and organic), acid
deposition, leaching (nitrogen, pesticides, and phosphorus)




|s the species already
imperiled?

Exploitation status

Thermal pressure/safety
margin

Other anthropogenic
stressors

Projected ecosystem
disruption
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Atlantic Salmon | rcp26 Atlantic Salmon | rcp26
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Can the species adapt or
shift in distribution?

- Historical thermal
variability

- Amount of habitat

- Connectivity of habitat

- Body size as a proxy for
life history

Amount of habitat
Km? of aquatic habitat (index of available habitat)




barrier_score

1.00
I 0.75
0.50

0.25

Can the species adapt or
shift in distribution?

- Historical thermal
variability

- Amount of habitat

- Connectivity of habitat

- Body size as a proxy for
life history

Barriers to Connectivity

Connectivity
Density of roads, dams, culverts, weighted by passability




Can the species adapt or
shift in distribution?

- Historical thermal
variability

Atlantic salmon (Salmo salar)

- Amount of habitat Max length 150cm — low risk category
- Connectivity of habitat

- Body size as a proxy for
life history
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How can this help freshwater
management?

* NB: Important to consider vulnerability within the context
of individual index scores

* Low climate vulnerability areas can be protected as
refuges.

* Low vulnerability areas where species is currently not
observed may present opportunities for re-introduction.

* Low climate vulnerability areas with high impact from
other stressors may require remediation/ restoration

* High climate vulnerability areas with low impact from
other stressors may be monitored for change as date of
expected extirpation approaches.




ECOSPHERE

C / \ E I \ I - Freshwater Ecology () Open Access () @
. Salmonid thermal habitat contraction in a hydrogeologically

complex setting
n n
Wa t e rS h e d re S I St a n C e to Wa r m I n Antéin M. O'Sullivan ¥4, Emily Corey, Richard A. Cunjak, Tommi Linnansaari, R. Allen Curry,
g First published: 27 October 2021 | https://doi.org/10.1002/ecs2.3797

Model variable importance
1 [ | |

Thermal resilience is linked to groundwater (Hare et al., 2021 — Nat. Comm). Wellands
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Atlantic Salmon | rcp85
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Thank you!

Christine.Stortini@dfo-mpo.gc.ca

Freshwater Climate Risk Index for Biodiversity (FW-CRIB): Using Climate Change
Vulnerability and Risk Assessments (CCVA/CCRA) to Guide Freshwater
Management in Canada’s Maritime Provinces (dal.ca)

Canada Canada

- Fisheries and Oceans Péches et Océans DALHOUSIE
I+ ) e i3



https://dalspace.library.dal.ca/handle/10222/83646
https://dalspace.library.dal.ca/handle/10222/83646
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Extras
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Each vulnerability score for watershed to species pair will fall
into one risk category (low, medium, high, or critical),




Caveats cont'd

* Some watersheds might be more or less vulnerability to saltwater intrusions due to sea level rise. This was not
considered, but could be included as another index of climate exposure using existing models of sea level rise.

*  New CMIP6 models may be more accurate, but were not yet available through ClimateData.ca




	Slide 1: Freshwater Climate Risk Index:  A case study for Atlantic Salmon in  Eastern Canada
	Slide 2: Acknowledgements
	Slide 3: Climate Change Vulnerability/Risk Assessments
	Slide 4: Adapting CRIB for freshwater ecosystems
	Slide 5: Freshwater-adapted CRIB
	Slide 6: Freshwater-adapted CRIB Methodology
	Slide 7: 3 Maritime provinces
	Slide 8
	Slide 9: Time of thermal emergence
	Slide 10
	Slide 11
	Slide 12: Methods and data sources
	Slide 13: Index Results
	Slide 14
	Slide 15
	Slide 16: Rate of directional warming (velocity) 2015-2100
	Slide 17: Rate of directional warming (velocity) 2015-2100
	Slide 18: Committee on the Status of Endangered Wildlife in Canada (COSEWIC assessment)
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26: Overall Vulnerability
	Slide 27: How can this help freshwater management?
	Slide 28: CAVEAT: Watershed resistance to warming
	Slide 29: Plan to combine with marine vulnerability scores from D. Boyce et al. following marine assessment for diadromous species. (not previously included).
	Slide 30: Thank you!
	Slide 31: Extras
	Slide 32: Freshwater-adapted CRIB Methodology
	Slide 33: Caveats cont’d

