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Ocean hotspots 2004-2013

Pershing et al. 2015 Science



Trends and variability
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Future warming (business as usual)

4 Northeast US Continental Shelf
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Distribution shifts 1968-2008
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Distribution shifts 1968-2008
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Black sea bass: 1967
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Black sea bass: 2014
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Variation across species

Average:
20 km per
decade




Implications for fisheries

e Fishing and landing locations



Poleward shift of summer flounder
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Fishery landings shift as well
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Fishery landings shift more slowly
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Early: high variabllity in landings
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Late: low variabillity in landings
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State quotas mplemented
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Center of large trawler fishing trips

Beaufort, NC
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Center of large trawler fishing trips
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Center of large trawler fishing trips
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2003

Beaufort, NC




Center of large trawler fishing trips
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Center of large trawler fishing trips
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Center of large trawler fishing trips
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Center of large trawler fishing trips
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Implications for fisheries

e Fishing and landing locations
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Implications for fisheries

e Fishing and landing locations
e Stock definitions

e Reference points

e Rebuilding goals

* Bycatch

e Closed areas
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Temperature and physiology
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ACross 325 taxa...
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Species follow climate velocity
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Species follow climate velocity
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Species follow climate velocity
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Intferacting mechanisms

e Predators & prey

e Habitat availability
e Population size

e Fishing pressure




Summer flounder & recovery
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Summer flounder & recovery
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Project goals
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Project goals

1. Develop species distribution projections
for 2020-2100
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Project goals

1. Develop species distribution projections
for 2020-2100

2. Characterize dominant sources and
magnitude of uncertainty

3. ldentity priority species for adaptive
management

4. Incorporate results into a web-based
tool



Focal species

e Summer flounder
e SCup

* Black sea bass

e Monkfish

e Aflantic mackerel
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e Longfin squid

e Butterfish
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e Golden tilefish

e Bluefish
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Sand lance
Atlantic menhaden
Atlantic herring
Round herring
Striped anchovy
Bay anchovy
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Focal species: emerging speciese
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Focal species: forage
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Focal species: in progress
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Approach

Bottom habitat
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Approach

Bottom habitat Cl|mo’re prOJec’nons

Species Distribution
Projections

Q
—
Q
o
Q
—

1
Q
R

In(Rugosity) Temperature

Habitat preferences Temperature
preferences



Range of future scenarios
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Ensemble of projections
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Ensemble of projections

9)
<
o
)
2
o
—
®
Q
S
©
9
£
©
9}
C
5
-
@)

2020 2040 2060 2080 2100

2 x 13

climate scenarios global climate
RCP 4.5 and 8.5 models




Ensemble of projections
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Ensemble of projections

2020 2040 2060 2080 2100
Year

2 X 13 x 5

climate scenarios global climate time periods
RCP 4.5 and 8.5 models

= 130 projections/species



Assumptions

e Fishing stays constant

e Species inferactions stay constant
e Ocean productivity constant

e Species can move quickly



Preliminary results



RCP4.50
RCP8.5@

0012-900¢ *SSOWOIG [0} Ul 9BUDU%

5
(s
(\)
L 5 >
4
), Q
¢ o
e \V
ol
. VA
() “
Q? v,
L J )
. >
e
®,
K
2%
\/\
L f N
-~
<.
& 7 "
[
7 '
A.\ ..;..
” (o
- C
>} )

HEH .
7. v
v, v
% 0
»-
\\.\,
. 70 .
7,
W {
¢,
v

|7|[1

|




NS .

RCP4.50
RCP8.5@

0012-9002 ‘SSOWIOI] [[0} Ul 9BUDUD%,




RCP4.50
RCP8.5@

0012-900¢ *SSOWOIG [0} Ul 9BUDU%

5
(s
(\)
L 5 >
4
), Q
¢ o
e \V
ol
. VA
() “
Q? v,
L J )
. >
e
®,
K
2%
\/\
L f N
-~
<.
& 7 "
[
7 '
A.\ ..;..
” (o
- C
>} )

HEH .
7. v
v, v
% 0
»-
\\.\,
. 70 .
7,
W {
¢,
v

|7|[1

|




NS .

RCP4.50
RCP8.5@

0012-9002 ‘SSOWIOI] [[0} Ul 9BUDUD%,




NS .

RCP4.50
RCP8.5@

0012-9002 ‘SSOWIOI] [[0} Ul 9BUDUD%,

0
&
0
v
2
y .
0




NS .

RCP4.50
RCP8.5@

0012-9002 ‘SSOWIOI] [[0} Ul 9BUDUD%,




Black sea bass (spring)

Black sga bass (RCP8.5)
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Black sea bass (spring)

Black sgg bass (RCP8.5)

Present

Climate models
=—Mean projection

e
(%2}
(%2}
O
&
9
O
©
—
o
—-—
-
O
O
-
O
O
=

2010 2030 2050 2070 2090
Year

Business as usual (RCP 8.5)



Black sga bass (RCP8.5)
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Summer flounder (spring)
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Scup (spring)

Scup (RCP8.5)
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Characterizing uncertainty
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Characterizing uncertainty
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Ongoing research

e New data sources and missing species
- NEAMAP, SEAMAP, MARMAP
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Ongoing research

e New data sources and missing species
- NEAMAP, SEAMAP, MARMAP

e Uncertainty
— Ecological model and parameter

e Projections posted on OceanAdapt
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1. Address the basics

Infact habitat Sustainable fishing Healthy ecosystems/
abundant prey



2. Prepare for emerging fisheries

* Alaska State Waters

Arctic Management Area | Arctic Management Area
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Galena °
°




2. Prepare for emerging fisheries

* Alaska State Waters

Arctic Management Area

8+ Temporary
moratoria




2. Prepare for emerging fisheries

' Alaska State Waters

Arctic Management Area

MM', ol
o * Temporary
moratoria

« Targeted research




2. Prepare for emerging fisheries

‘ Alaska State Waters

Arctic Management Area

” GAL
« Temporary
moratoria

« Targeted research
Experimental fishing



3. Evaluate spatial boundaries
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4. Coordinate among organizations

mechanisms for cooperation and side-payments

Astthorsson et al. 2012 ICES J Mar Sci



5. Climate effects in assessments

Multiple approaches:



5. Climate effects in assessments

Multiple approaches:
e Use data from current regime

monthly values for the PDO index: 1900-2013
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5. Climate effects in assessments
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e Use data from current regime

e Use an environmental covariate




5. Climate effects in assessments

Multiple approaches:
e Use data from current regime

e Use an environmental covariate
e Empirical methods
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5. Climate effects in assessments

Multiple approaches:
e Use data from current regime

e Use an environmental covariate
e Empirical methods
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5. Climate effects in assessments

Multiple approaches:
e Use data from current regime

e Use an environmental covariate
 Empirical methods
e Add a precautionary buffer

Annval Fish Harvest
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6. Scenario evaluation 6
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6. Scenario evaluation
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Forecasts to identity:

« Robust harvest control rules
« Emerging fisheries

* Vulnerable species

« Coordination conflict species
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8. Consider barriers to adaptation




Summary

e Temperature will warm and fluctuate
e Species will shift over this century

e Inferaction among factors (including
climate) determines fish abundance and
availabillity
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Questions:
What information do you need?

malin.pinsky@rutgers.edu



