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Progress and prospects for predicting distribution shifts
under ecosystem and-climate changes
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Presentation Notes
MODIS image of the Bering Sea, Bering Strait and southern Arctic Ocean acquired 7 May 2000. Image generated from MODIS band 2 (0.85 µm) at 250 m spatial resolution. Detailed structure and leads in the ice pack are apparent. Ice flow from the Bering Strait southward to the Bering Sea is seen in great detail.

Physical land constriction of ice flow s +darkness = ice formation in the winter


Introduction
Pacific cod shifts

2010 surveys 2017 surveys

Image courtesy of Bob Lauth
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Introduction

Alaska pollock

2010 surveys

2017 surveys
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Outline

1. What is the evidence for rapid distribution shift
worldwide?

2. What research themes are being conducted by AFSC
scientists to identify and forecast distribution shifts?

3. What research is needed Iin the next 2-5 years?
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Outline

1. What is the evidence for rapid distribution shift
worldwide?

e Barents Sea
e Gulf of Maine

e Gulf of St. Lawrence
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1. Evidence for rapid shifts

Gulf of Maine Kleisner, et al. (2016). PLOS ONE 11, e0149220.
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1971

Gulf of St. Lawrence

o Steady northward shift
for fishes (skate and
hake)

o Likely top-down driver

1992 1981

Year

2002

Thorson, Munch, Swain, (2017)
Ecology 98, 1277-1289.
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Outline

2. What research themes are being conducted by
AFSC scientists to identify and forecast distribution
shifts?

* Models for essential fish habitat
e Combining data from multiple surveys
o Larvaculture experiments

e Size-structured spatio-temporal models
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2. Research themes at AFSC (a sampler...
Model-based essential fish habitat

I g C. Rooper (pers. comm.)
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2. Researc

Model-based essential fish hab
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2. Research themes at AFSC (a sampler...)
Combining data from multiple surveys

* Fish shift vertical distribution
« Changes in light levels
« Changes in temperature

o Sampling will be biased if we cannot
Integrate across vertical distribution
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2. Research themes at AFSC (a sampler...)
Combining data from multiple survevs
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2. Research themes at AFSC (a sampler...)
Larvaculture experiments

> Wall llock
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2. Research themes at AFSC (a sampler...)
Larvaculture experiments
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2. Research themes at AFSC (a sampler...)

Spati()-tempora models Kai et al. (2017) CJFAS. 74(11): 1765-1780

Shortfin mako shark in the Western Pacific

Can model distribution - Erms
for different sizes

« Show changes in
distribution by size
class
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2. Research themes at AFSC (a sampler...)
Spa'“()-tempora models Thorson et al. (In press) Fish and Fisheries.

Alaska poIIock in Eastern Berlng Sea

Used to attribute observed Q%
shifts to different drivers ,.

 E.g., Pollock distribution % b
shift Is not sufficiently b
e

1982

- !l
F i £ L

A
w@@www

1989

-
o

explained by temperature in : \’ >

Isolation

1995
Pos | o
+

2002

2008
»
5 - -
£
Il' F
hl

—

2015

ALZ) NOAAFISHERIES™
" \ "-._..'__ ‘ Ir‘ F



Outline

3. What research is needed in the next 2-5 years?
o Skill testing
o Attribution
o Comparative analyses

e Combining data
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3. Research for coming years

Skill testing Pacific cod in Eastern Bering Sea

Climate envelope VAST

We need to learn what
models work best for

6550

predicting distribution .
. 2 ©
shifts :

5 2|

Different models have better/worse € ©
Skl” ; VAST with temperature Annual regression
° _ "‘_c'; Fitted to data through year...
Some good at long-term forecasts 3 B 01e 2007 B 1oo
« Others good at short-term g B = 2on m nhs B

Example: 1-3 year forecasts

» Local bottom temperature is not
sufficient to forecast distribution

o Spatio-temporal model works well
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3. Research for coming years

Attribution
We need to understand why

observed patterns happened &

* Structural models include ¢
multiple drivers

e Bottom-up
(temperature)

 Top-down (predation) &

* Human (fishing) .

Can attribute observed

2015
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Thorson et al. (In press) Fish and Fisheries.
Alaska pollock in Eastern Bering Sea

All Temperature Size structure Unexplained
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3. Research for coming years

Comparative analysis

We can learn faster by testing methods on changes in other

regions
Pinsky et al. (2013) Science 341, 1239-1242.
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3. Research for coming years
Combining data

We need to look at basin scales to distinguish changes in

abundance vs. distribution
Public bottom trawl surveys

(avallable for comparatlve analy5|s)
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Conclusions
1. What is the evidence for rapid distribution shift worldwide?

Many regions show strong evidence worldwide!

2. What research themes are being conducted by AFSC scientists
to identify and forecast distribution shifts?

Diverse portfolio Is showing success for many species

3. What research is needed in the next 2-5 years?

New approaches are evolving quickly and need
additional efforts
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