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It’s been a hot summer – the ocean has been hot too



Marine heatwaves will move species around
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Mainly from studies examining the 
effect of one heatwave on one 

species

What about the effects of multiple
heatwaves on multiple species?



The northeast Pacific is an ideal testbed:

Lots of heatwaves
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The northeast Pacific is an ideal testbed:



Four marine heatwaves 14 marine predators

Species 
distribution 

models

The northeast Pacific is an ideal testbed:

Results are 
inferences 

from models 
as opposed to 

direct 
observations
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Variable impacts across heatwaves
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Why do we see such a surprising diversity of impacts?

Physical Ecological

Heatwaves have different 
drivers, evolution, and 

characteristics

Species have different 
environmental preferences

P
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Temperature

Species
A

Species
B

Scientific

Large, negative impacts 
grab attention; small, 

positive impacts less so



Shifts across jurisdictional boundaries
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Shifts across jurisdictional boundaries

2019
(10%)

Increase processing 
plant capacity

Compensate 
fishermen for lost 
revenue

: new risks, rewards, and responsibilities

Bluefin tuna

2014 
(23%)

2015
(31%)

Yellowfin tuna

Data from https://github.com/cfree14/wcfish



Shifts across jurisdictional boundaries: new risks, rewards, and responsibilities

Bluefin tuna

Free, Christopher M., et al. "Impact of the 2014–2016 marine heatwave on US and Canada 
West Coast fisheries: Surprises and lessons from key case studies." Fish and Fisheries (2023).

2014 
(11%)

2015
(11%)

Fishery closure to 
prevent overfishing



Albacore tuna

2014 (5%)

2019 (12%)

Leatherback turtle

Gear modifications or 
fisheries closures to 
reduce bycatch

Shifts across jurisdictional boundaries: new risks, rewards, and responsibilities

Data from: https://www.fisheries.noaa.gov/pacific-islands/bycatch/hawaii-shallow-set-longline-fishery-interactions-leatherback-sea-turtles

Hawaii shallow-set 
longline bycatch



Real-time information

https://oceanview.pfeg.noaa.gov/top-predator-watch/





Real-time information

https://oceanview.pfeg.noaa.gov/top-predator-watch/ https://psl.noaa.gov/marine-heatwaves/#report

Forward-looking information



Current conditions in the northeast Pacific

Developing marine heatwave El Niño Advisory

https://www.integratedecosystemassessment.noaa.gov/regions/california-
current/california-current-marine-heatwave-tracker-blobtracker

https://www.cpc.ncep.noaa.gov/products/analysis_monitoring/enso_advisory/en
sodisc.shtml
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Take home points

Scientific needs

•Ecosystem-based investigations of 
heatwave impacts (multi-species, 
multi-heatwave)

Resources

Heatwave data: Blob Tracker, Marine 
Heatwave Watch; Species data: Animal 
Telemetry Network, Seabird Tracking 
Database; NOAA trawl data

URLs
•https://www.integratedecosystemassessment.n
oaa.gov/regions/california-current/california-
current-marine-heatwave-tracker-blobtracker; 
•https://coralreefwatch.noaa.gov/product/marin
e_heatwave/; 
•https://portal.atn.ioos.us/#; 
•https://www.seabirdtracking.org/
• https://github.com/pfmc-
assessments/nwfscSurvey

@Heather_M_Welch

Plot courtesy of Andrew Leising (ERD/NOAA)

Six recent northeast Pacific marine heatwaves
Sept
2023



Take home points

Scientific needs

•Ecosystem-based investigations of 
heatwave impacts (multi-species, 
multi-heatwave)

•Report on diverse and inconsistent 
heatwave impacts (common for 
physics, less common for ecology)

Resources

Heatwave data: Blob Tracker, Marine 
Heatwave Watch; Species data: Animal 
Telemetry Network, Seabird Tracking 
Database; NOAA trawl data

Welch et al. Impacts of MHW on top 
predator distributions are variable but 
predictable; Fredston et al. MHW are not 
not a dominant driver of change in 
demersal fishes. 

URLs
•https://www.integratedecosystemassessment.n
oaa.gov/regions/california-current/california-
current-marine-heatwave-tracker-blobtracker; 
•https://coralreefwatch.noaa.gov/product/marin
e_heatwave/; 
•https://portal.atn.ioos.us/#; 
•https://www.seabirdtracking.org/
• https://github.com/pfmc-
assessments/nwfscSurvey

•https://doi.org/10.1038/s41467-023-40849-y; 
•https://doi.org/10.1038/s41586-023-06449-y
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Take home points

Scientific needs

•Ecosystem-based investigations of 
heatwave impacts (multi-species, 
multi-heatwave)

•Report on diverse and inconsistent 
heatwave impacts (common for 
physics, less common for ecology)

•Ecological nowcasts (or better yet, 
forecasts) to inform climate ready 
management

Resources

Heatwave data: Blob Tracker, Marine 
Heatwave Watch; Species data: Animal 
Telemetry Network, Seabird Tracking 
Database; NOAA trawl data

Welch et al. Impacts of MHW on top 
predator distributions are variable but 
predictable; Fredston et al. MHW are not 
not a dominant driver of change in 
demersal fishes. 

Nowcast: Top Predator Watch; Forecast: 
Southern Bluefin Tuna

URLs
•https://www.integratedecosystemassessment.n
oaa.gov/regions/california-current/california-
current-marine-heatwave-tracker-blobtracker; 
•https://coralreefwatch.noaa.gov/product/marin
e_heatwave/; 
•https://portal.atn.ioos.us/#; 
•https://www.seabirdtracking.org/
• https://github.com/pfmc-
assessments/nwfscSurvey

•https://doi.org/10.1038/s41467-023-40849-y; 
•https://doi.org/10.1038/s41586-023-06449-y

•https://oceanview.pfeg.noaa.gov/top-predator-
watch/;
•http://www.cmar.csiro.au/gab-
forecasts/habitat-forecasts.html
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Take home points

Scientific needs

•Ecosystem-based investigations of 
heatwave impacts (multi-species, 
multi-heatwave)

•Report on diverse and inconsistent 
heatwave impacts (common for 
physics, less common for ecology)

•Ecological nowcasts (or better yet, 
forecasts) to inform climate ready 
management

•Climate ready management tools 
that ingest nowcasts/forecasts to 
swiftly respond to diverse heatwave 
impacts

Resources

Heatwave data: Blob Tracker, Marine 
Heatwave Watch; Species data: Animal 
Telemetry Network, Seabird Tracking 
Database; NOAA trawl data

Welch et al. Impacts of MHW on top 
predator distributions are variable but 
predictable; Fredston et al. MHW are not 
not a dominant driver of change in 
demersal fishes. 

Nowcast: Top Predator Watch; Forecast: 
Southern Bluefin Tuna

Ingests nowcasts: EcoCast, TOTAL
Ingests forecasts: Maine lobster fishery 
decision-making

URLs
•https://www.integratedecosystemassessment.n
oaa.gov/regions/california-current/california-
current-marine-heatwave-tracker-blobtracker; 
•https://coralreefwatch.noaa.gov/product/marin
e_heatwave/; 
•https://portal.atn.ioos.us/#; 
•https://www.seabirdtracking.org/
• https://github.com/pfmc-
assessments/nwfscSurvey

•https://doi.org/10.1038/s41467-023-40849-y; 
•https://doi.org/10.1038/s41586-023-06449-y

•https://oceanview.pfeg.noaa.gov/top-predator-
watch/;
•http://www.cmar.csiro.au/gab-
forecasts/habitat-forecasts.html

•https://coastwatch.pfeg.noaa.gov/ecocast/; 
•https://coastwatch.pfeg.noaa.gov/loggerheads/
loggerhead_closure.html;
•https://gmri.org/projects/multi-scale-forecasts-
and-analyses-maine-lobster-fishery/
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