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Response of organisms to climate change

Direct effects

Shift is spatial distribution
Population productivity
Phenology

Changes in community
assemblages

Indirect effects

Changes in food availability
Changes in habitat availability

Change in trophic, competitive or
mutualistic relationships

Increase in disease incidence and
susceptibility

Changes in emergent properties of
food webs and ecosystems



Response of organisms to climate change

Direct effects
e Shift is spatial distribution
e Population productivity



Two mechanisms of species distribution shifts

Movement/migration Population productivity




Most species have shifted their distribution

1968-1972 2009-2012

NOAA NEFSC

Nye et al. 2009 MEPS, Pinsky et al. 2013, many others



Most species have shifted their distribution
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Tropicalization of marine communities
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Changes |n mlgrathn tlmlng Decade — 1970 -~ 1980 -~ 2000 -~ 2010
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Peer and Miller 2014, Lombardo et al. 2019, Cobb 2020




Temperature drives species shifts
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Pinsky et al. 2013 Science



Temperature drives assemblage shifts

y =-0.03+0. []31 r2 D/'-'v*‘ y = 0.02+1.18x, 12 = 0.62***
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Climate velocity (latitude: N°/5 years)
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Kleisner et al. 2016



B~ \Will predators follow their prey?

r2=0.92, p < 0.00005
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Will predators follow their prey?

@ |ong-finned pilot whales
@ Atlantic mackerel

@ Atlantic herring

® |ong-finned squid

@ Short-finned squid
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Thorne and Nye 2021 Scientific Reports



Mismatches between climate velocity and shifts

@ Observed shift
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Thorne and Nye 2021 Scientific Reports



Changes in stock productivity

More and larger negative influences of
warming for overfished populations
and rapid temperature increase

Free et al. 2019



Changes in stock productivity

Larger and more significant responses
of populations with fast life histories

Free et al. 2019



Changes in stock productivity

H:I—l i atlantic cod (n=d 2]

Negative influences of species at the
southern extent of their range

Free et al. 2019



Smaller body size

Original state Future state
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Cheung et al. 2012 — Shrinking of fishes..., Natural
climate change



Smaller body size
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Original state Future state
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Cheung et al. 2012 — Shrinking of fishes..., Natural
climate change




Changes in body size and condition

Little Skate 1
Winter Flounder 4
Silver Hake 1
Sutterfish
Red Hake 1
Fourspot 4

Spiny Dogfish - Good Condition

NA

1 EI I_f ef |.‘%l.“| 1 Above Average
Yellowtail 1 ;
Meutral

Summer Flounder -
Weakfish -

Goosefish 4 FPoor Condition
Winter Skate 1

Below Average

Smooth Dogfish 1
Windowpane Flounder 1
Black Sea Bass 4




DIN=EN=

Disease Old Mortality
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US South Atlantic Ecosystem Status Report 2021



Abiotic Variables

LN
iN+P)

-

NaCl; Salinity

l Temperature
Sedimentation

Biotic Variables
8;, Labyrinthula sp.
Plasmodiophonds
o (Halo)phytophthora

Epiphytic Growth

, Lesion
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Existing Conditions

(low-moderate slress/disease occurrence)

Potential Global Change Conditions
(moderate-high stress/disease occurrence)

Sullivan et al. 2018



Ocean acidification

 Temperature seems to have a stronger
effect than acidification

* The combined effect of temperature,

hypoxia and ocean acidification can be
synergistic

* Multistressor studies are needed

Kroeker et al.
2013




Declines in primary productivity

—GFDL-ESM2M
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Lotze et al .2019
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Trophic amplificat

phytoplankton

colour index
echinoderm
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Intensification of stressor through Ll g
indirect trophic pathways in the ,
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(h) pathway 1

SST === primary production === holozooplankton

—— cod

pathwa QST et Primary production s

holozooplankton = === ic|lyfish == cod

pathway 3 QST == primary production g decapods —_— cod

Kirby and Beaugrand 2009



Trophodynamic factors amplify the effects of
declines in primary productivity

Net Primary Productivity Fish Catch

Stock et al. 2017



A Ocean
acidification

Trophic amplification

C Double Fon _ Double F on
small pelagics . o invertebrates

Olsen et al. 2018



Thanks for listening

Now let’s discuss!



Vulnerability assessments and trait-mediated
responses
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Long‘ﬁl:l Inshore Squid Summer Flounder
SII'VI.T Hake Spanish Mackerel
Atlantic Saury Atlantic Croaker
Spiny Dogfish Sp
Winter Skate
Northern Shortfin Squid
Bluefish
Deep-sea Red Crab
Red Hake
Offshore Hake

ow Moderate Hig Very High

Climate Exposure

Hare et al. 2016
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