Short-term forecasts of species distributions
for fisheries management

Malin Pmsky Rutgers UnlverSIty |
Alexa Fredston, Rutgers University
Brandon Muffley, I\/I|d—AtIant|C Flshery I\/Ianagement




Augu sta

VERMONT

tch
: 7 Concord
Utica .

Porl}and

NEW YORK Albany

MASSACHUSETTS

Providence
> Scranton CONNECTICUT
& Bridgeport ..
PENNSYLVANIA | |
PECIES are on
> Harrisburg
. N E W
organtown Philadelphias *=*° t h V
MARYLAND e ITT
DELAWARE O e
IA
VIRGINIA
-Salem
NORTH
CAROLINA

Bsirl, HERE, DelLome, Mapmylndia, © OpsnSirssiMap contribuiors,
gers.edu) from NMFS data ard §r5 OIS Losr crmmUNlY

OceanAdapt gggogégggganadap}/


http://oceanadapt.rutgers.edu

Augusta
lingston 5
.
VERMONT

tch
Concord
Utica S

Portland

NEW YORK Nb.any
MASSACHUSETTS
Providence

1d C 0 J cTICU

Scranton CONNECTICUT
i Bridgeport ..
pENNS'!’LVANIA ! =

Species are on

’iﬁsburgh

N Harrisburg

. NEW
Philadephias /*"" the move
MARYLAND
DELAWARE ”//ﬁﬂ}”%
T =
1A
VIRGINIA
Black sea bass

.-Satem

NORTH
CAROLINA

gers.edu) from NMFS data  Estl, HERE, Dellorme, Mapmylndla, © OpsnSirssivizap contrlautors,
zind {he GIS ussr comimuiniy

OceanAdapt gggpgé{l/ggpanadapt/


http://oceanadapt.rutgers.edu

Potential change in Directional effect of
species distribution climate change
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EAFM Guidance Document

Example Climate-Related Policies and Recommendations

e Develop and evaluate approaches for MAFMC fisheries and
their management to become more adaptive to change

e Use models to develop short-term forecasts and medium-term
projections

e Identify new species likely to become established in the Mid-
Atlantic (from the South Atlantic) and species likely to expand
or shift distribution into waters under the jurisdiction of New
England

= MID-ATLANTIC



Species Distribution Shifts

e C(Collaborated with Morley et al. 2018 on Projecting shifts in
thermal habitat during the 21st century project
e Highly informative and considered in a strategic way - i.e.,

EAFM guidance document
e This project allows Council to consider distribution change in

a more tactical way

o Focus on Mid At species, but interest in South At changes — e.qg.
blueline tilefish




Potential Council Application of Research

" Continued development and implementation of EAFM guidance
document

Risk Assessment Update 2020

Table 4: Species level risk analysis results; l=low risk (green)., lm= low-moderate risk (yellow), mh=moderate to high risk
(orange), h=high risk (red)
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Table 5: Ecosystem level risk analysis results; I=low risk (green), Im= low-moderate risk (yellow), mh=moderate to high risk

{orange), h=high risk (red)
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Potential Applications of Research (cont.)
Less Uncertainty I::}\/Iore Uncertainty

2021 State of the Ecosystem
Mid-Atlantic
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Potential Applications (cont.)

Council Actions

* Dynamic allocation strategies

Stock Assessments and projections

SCENARIO 1

2040 Market

16

SCENARIO 2

ea>0 00C

S
Conditions?

e Ecosystem TORs and ESP for assessments
East Coast Climate Change and Distribution S
Shift Scenario Planning Project

16

SCENARIO 3
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SCENARIO 4

Marine Spatial Planning/Coordination
e Offshore wind and aquaculture development

NOAA Fisheries Climate Ready Fisheries Management

7th National Science Coordination Subcommittee

* Workshop Themes: Ecosystem indicators in assessments

— Fishing level advice for stocks experiencing distribution change




Engagement with Council’s EOP Committee and AP

Held a kick-off webinar in December 2019 to introduce research and get
initial feedback on project goals and species considered

Research Questions
1. Can dynamic range models forecast changes in species distributions?
2. At what time-scales do forecasts have skill (1- 10 years)?
3. Does information on fishing pressure improve forecasts of species
distributions?

Focal Species

Summer Flounder, lllex Squid, Spiny Dogfish, Gray Triggerfish
Considerations: relevant to Council management, range of life history types,
current/future shifts likely, data availability




Questions/topics for group to be thinking about

e What types model outputs and information would be most
useful - in both content and format?

e How/where could this type of information be applied in
our science and management processes and decisions?

e What might be missing or what other considerations
should the team be thinking about?

® Do the initial outputs for summer flounder make sense?
What does/doesn’t?
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Fisheries
management
requires knowing
where fish are
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Fisheries
management
requires knowing
where fish are

e Stock definitions

e Stakeholder
representation
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Fisheries
management
requires knowing
where fish are

e Stock definitions

e Stakeholder
representation

e Spatial management

Western Pacific : 1

- West Coast region - Alaska region

|:| Federal waters (generally extend from 3 to 200 nautical miles off the coast)

Sources: National Marine Fisheries Service, Fisheries of the United States, 2014 (data); Map Resources (map). | GAO-16-827
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Fisheries
management
requires knowing
where fish are

e Stock definitions

e Stakeholder
representation

e Spatial management

e |ncidental catch
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Develop and test
dynamic range models
for near-term forecasts



Focal species

summer flounder
(fluke) gray triggerfish

spiny dogfish



Research questions

1. Can dynamic range models forecast changes in species
distributions?
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Work plan
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Model overview
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Bayesian network diagram
(for a model where temperature affects recruitment)

Estimated number of individuals in a patch, age, and year }

Dispersal Optimal Temperature sensitivity

temperature of recruitment

Process error Autocorrelation parameter
for stochastic recruitment




Bayesian network diagram

& Observed number of individuals in a patch, age, and year
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Bayesian network diagram
(for a model where temperature affects recruitment)

Estimated number of individuals in a patch, age, and year }

Dispersal Optimal Temperature sensitivity
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for stochastic recruitment




Research questions

1. Can dynamic range models forecast changes in species
distributions?

summer flounder

(fluke)




Model fit to summer flounder training data
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Model fit to summer flounder training data
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Summer flounder testing data
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Research questions

1. Can dynamic range models forecast changes in species
distributions?

2. At what time-scales do forecasts have skill (1- 10 years)?



Summer flounder centroid — data
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Summer flounder centroid — forecast
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Research questions

1. Can dynamic range models forecast changes in species
distributions?

2. At what time-scales do forecasts have skill (1- 10 years)?

3. Does information on fishing pressure improve forecasts of
species distributions?



Best candidate model for summer flounder

Model structure decision Yes No
Use fishing to inform mortality rate v

Incorporate age structure into process model v

Fit to length data to inform age structure v
Use stock-recruit relationship (instead of stochastic recruitment) v
Adults disperse among patches v
Temperature affects recruitment v
Temperature affects mortality v

Temperature affects migration *still under development



ost models fail model fitting checks
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Next steps

1. Repeat for shortfin squid, spiny dogfish, and gray triggerfish,
developing additional model functionality along the way

2. "Compete” the best model(s) against traditional species
distribution modeling methods

3. Formalize forecast evaluation

4. Package and share model code
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