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Climate change and fisheries 

7Cheung	et	al.	2013	Nature	Climate	Change

• Species shrinking
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• Phenological shifts - match & mismatch



Climate change and fisheries management 
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M. Jacox                       |                          Global Forecasts of Marine Heatwaves                         |                       March 4, 2022

Forecast Heatwave Probability

Observed heatwaves

Predicted heatwaves 
(>30% probability)

July 1997 forecast

March 1998 heatwaves

8 month lead time

Observed Heatwaves

Jacox et al. 2022 Nature
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Key	ecosystem	ingredients:

2015-16 Whale Entanglements

Persistent	marine	
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Jacox	et	al.	(2016)
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Key	ecosystem	ingredients:

End	result:	unusual	time-space	overlap	of	large	numbers	of	foraging	humpback	
whales	and	crab	pots/lines
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What do predators tell us?
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Tag data increasing in conservation
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Scales et al. 2014 J Appl Ecol

VoluntaryMandatory

TurtleWatch

WhaleWatch

EcoCast
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WhaleWatch:	Near	real-time	models	for	dynamic	
management	of	blue	whales	in	the	North	Pacific

Environmental Factors

ARGOS Satellite collects movement data

WhaleWatch

Satellites collect oceanographic data

Where are the whales?

What conditions do

their prey like?

Where will they be?

Predicted DensityPredicted Habitat

Con!dence Intervals

Chlorophyll Winds Etc.Sea Surface
Temperature111101010110101

101000101000101

010101101001010

101010101010100

via ERDDAP

INTRODUCTION

104 tags



Krill and blue whale hotspots
24

Hazen et al. 2016 JAE Blue whales have similar 
hotspots (1994-2008).  
From Irvine et al. 2014

Krill utilization distributions 
during May-June 2004-2009. 
From Santora et al. 2011.



Shipping and blue whale hotspots
25

Hazen et al. 2016 JAE Blue whales have similar 
hotspots (1994-2008).  
From Irvine et al. 2014

• High spatial overlap 
between shipping 
intensity and blue whale 
hotspots 

• Opportunity for finer 
temporal management? 



Objective
• Use satellite telemetry and remotely-sensed oceanographic data to 
develop near-real time (8-day to monthly) habitat models for blue whales 
in the California Current System.  

• This can assist management efforts to mitigate against human impacts, 
such as ship strikes for the entire year. 

Redfern  
et al.  
2013

Bailey et al. 
2009

n=104



Seasonal movement

Bailey et al. 2009 Block et al. 2011

20° N

45° N

20° N
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Approach
28 1. Apply a state-space model to provide 

regularized daily positions from 
whale satellite telemetry data

2. Extract environmental data at the 
time and location of each whale 
position and pseudo-absence

3. Develop habitat preference models 
using Generalized Additive Mixed 
Models & Boosted Regression Trees

4. Develop a tool predicting whale 
densities (e.g. Aarts et al. 2008) 
based on the current environmental 
conditions

State Space 
Switching 

Model

Sample and 
Examine 

Environmental 
Correlates

Telemetry 
based habitat 

model

Near-Real Time 
Predictions of 

Habitat

Survey Data 
for Validation

Hazen et al. 2017

GAMM

R2 =0.4

-125 -120 -115 -110

20
25
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35



Model fit & evaluation
29

• Full model 
• SST + log(Chl) + Bathymetry 
+ SSH SD + Bathy SD 

• Reduced 
• SST + Bathymetry 

• Seasonal v. Full 
• Boosted Regression Trees - Full 0.845 

0.802 
0.812 
0.861

AUC
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Comparison with sightings
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Comparison with sightings
31

Whaling records show 
high historic catch rates 
in British Columbia, 
Canada.

Nichol and Heise 1992

Hazen et al. 2017 J Appl Ecol



WhaleWatch 1.0 to 2.0

AUC = 0.95
AUC = 0.86

Hazen et al. 2017 J. Appl. Ecol

Abrahms et al. 2019 Div. Dist.

https://coastwatch.pfeg.noaa.gov/projects/whalewatch2/
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WhaleWatch 2.0 to WhaleSafe
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https://whalesafe.com/

https://coastwatch.pfeg.noaa.gov/projects/whalewatch2/
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WhaleWatch 2.0 to WhaleSafe

Abrahms et al. 2019 Div. Dist.

https://whalesafe.com/

https://coastwatch.pfeg.noaa.gov/projects/whalewatch2/

AUC = 0.95



RShiny	app

Drew	Briscoe

https://coastwatch.pfeg.noaa.gov/ecocast/

Drew	Briscoe

@Heather_M_Welch
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200m

Leatherback	turtle	
bycatch	events	since	

1990	
(n=25)

Bycatch dropped significantly, 
but at large economic cost to the 
fishery
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Predicted ENSO effects

44

1. We can turn predictions into 
a time series to create 
indicators. 

2. Fishing late in the year (Nov-
Dec) in 2015 may have been 
optimal (except for sea 
lions).

3. Highlights the difficulty in 
managing across “normal” 
and “unusual” years.
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EcoCast predictions - California Drift Gillnet Fishery

2012 2015• Z = Percentage of days 
that were predicted to 
be leatherback habitat 

• PLCA captures > 80%  
of habitat in “normal” 
year but less in a warm,  
El Niño year. 

• A tool to evaluate 
efficacy (and timing) 
of seasonal closures
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50%
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Welch	et	al.	2018	JAE

Chlorophyll a

Sea height

Temperature

Environmental	
data	from	
satellites

Species	distribution	
models

Daily	predicted	
habitat	suitability https://coastwatch.pfeg.noaa.gov/ecocast/map_product.html

Tool	operationalization
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Incorporate additional bycatch species such as marine 
mammals using additional sources of data

Becker,	E.	et	al.	2020.	Performance	evaluation	of	cetacean	species	
distribution	models	developed	using	generalized	additive	models	and	
boosted	regression	trees.	Ecology	and	Evolution
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DOM Meta-analysis of 15 global fisheries

DOM was up to 3.6 times more 
effective than static management at 
reducing bycatch while maintaining 
catch. 



Pons	et	al.	2022	PNAS

DOM Meta-analysis of 15 global fisheries

High correlation between target catch and bycatch resulted in 
less efficacy of Dynamic Ocean Management approaches.
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EcoCast	as	a	framework	for	other	dynamic	ocean	management	tools

DRAFT

Tool	to	promote	a	sustainable	blue	economy	while	
reducing	biodiversity	risks	in	real-time

Fisheries	Climate	Toolkit	(FaCeT)
Supporting	climate-ready,	resilient	and	sustainable	
fisheries

Led	by	Rebecca	Lewison,	Kathy	Mills,	and	Cam	Braun

Future Directions

Led	by	Mónica	Silva,	Pedro	Afonso,	and	Fred	Vanderperre
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Conclusions
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BBC NOAA NMML NOAA SWFSC

• We need a portfolio of integrated scales of management
• Multi-species models offer the ability to serve as a win-win,  
and EcoCast can be adjusted dynamically and adaptively.    

• Dynamic ocean management offers a climate-ready  
management approach and a better match with ecological  
processes AND human activities in space and time.
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https://github.com/elhazen/
EcoCast-SciAdv

https://github.com/
HeatherWelch/
EcoCast_Operationalization

https://github.com/HeatherWelch/
Decision-support-tools-for-
dynamic-management

https://github.com/elhazen/PA-
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EcoCast	website:	
https://coastwatch.pfeg.noaa.gov/
ecocast/

Latest	EcoCast	image:	
https://oceanview.pfeg.noaa.gov/
ecocast/output/latest_week/
latest.png

Download	EcoCast	data:	
https://coastwatch.pfeg.noaa.gov/
erddap/griddap/ecocast.graph

Elliott	Hazen	(elliott.hazen@noaa.gov)								@elhazen

Hazen	et	al.	2021.	Where	did	they	not	
go?	Considerations	for	generating	
pseudo-absences	for	telemetry-based	
habitat	models.	Movement	Ecology.

WhaleWatch	2.0	website:	
https://coastwatch.pfeg.noaa.gov/
projects/whalewatch2/


