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The complexity of a shifting range

Harvest

D/\ / Species

spersal Growth interacti
8 nter N
(( *ﬂ) interactions

~——
-
Habitat ""J'

Temperature, currents, O,, pH, ... efc.



Outline

* Do species follow climate velocity?



Outline

* Do species follow climate velocity?

e Why do some species lag behind?e



Outline

* Do species follow climate velocity?
e Why do some species lag behind?e

e How does fishing affect range shiftse



Outline

e Do species follow climate velocitye
e Why do some species lag behind?e
e How does fishing affect range shiftse

e Do fisheries follow range shiftse



Outline

* Do species follow climate velocity?



Species distribution data

Bottom trawl surveys S —
— 17-41 years long I"" 8 canada




Species distribution data

Bottom trawl surveys S—
| o, I Fisheries and Oceans

- 17-41 years long " 7"H Canada
— Fish and invertebrates




Species distribution data

Bottom trawl surveys —
N 4 0 Fisheries and Oceans
- 17-41 years long u "M Canada
— Fish and invertebrates
— Surface and boftom temperature




\Eos’rem Bermg Shelf o T
198_2 2011 "‘g: g Ao Ll BN
SN0 cliorak Bl g Ok
,:,]‘_28,.12];] g ‘5 eI O 5 Newfoundlond
Lawrence & 1795201 ]

1 971 2009

* Gulf of Iv\eX|co
19.8_7 -2011 »




Standardizing the surveys

e Timmed to taxa sampled every year

— /21 populations across 422 taxa



Standardizing the surveys

e Timmed to taxa sampled every year

— /21 populations across 422 taxa




Standardizing the surveys

e Timmed to taxa sampled every year

— /21 populations across 422 taxa

e Trimmed 1o a fixed set of strata
e Corrected for towed area



Example: Northeast U.S. Spring

1968 to 2008

e 4] years
e 8,785 tows
e 30 Min @ 6.5 km/hr
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Average shift to the northeast

20 km/decade




Wide variation in range shifts




Previously known poleward shifts

Mueter & Litzow 2008 Ecol Appl; Nye et al. 2009 MEPS



Many regions shiffing south




Bottom temperature and regional shiffs
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Bottom temperature and regional shiffs
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Bottom temperature and regional shiffs
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Bottom temperature and regional shiffs
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Gulf of Mexico
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Gulf of Mexico: constrained by geography

warming, deeper
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Bottom temperature explains regional shifts
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Eastern Bering Sea
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Eastern Bering Sea
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Eastern Bering Sea: lagged response
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Eastern Bering Sea: lagged response
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Sea surface temperature: no relation
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Assemblages track multi-decadal
boftom temperature trends



Distribution of Silver hake (Merluccius bilinearis)

1968 to 2008
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Biomass relative to temperature
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Thermal envelope from Generalized Additive Models
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Thermal envelope from Generalized Additive Models
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Thermal envelope from Generalized Additive Models
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Thermal envelope from Generalized Additive Models
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Thermal envelope from Generalized Additive Models

E(log(Biomass) | Present) ~
s(Bottom temperature) +
s(Surface temperature) +
sfratum +
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e

P(presence) x E(biomass | present)



Thermal envelope from Generalized Additive Models
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Thermal envelope from Generalized Additive Models

E(log(Biomass) | Present) ~
s(Bottom temperature) +
s(Surface temperature) +
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static through space
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Thermal envelope from Generalized Additive Models

E(log(Biomass) | Present) ~

s(Bottom temperature) +
range shiftse

s(Surface temperature) +
stratu static through time
mean biomass + static through space

e



Distribution of Silver hake (Merluccius bilinearis)
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Predicted distribution of Silver hake
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Predicted distribution
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Temperature explains range contractions
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Across 325 populations

—
>~
S~
—-—
O
L
=
E
(Ve]
0
)
—-—
O
—
O
O
>
—
)
(V]
O
O

0.10

Predicted rate of shift (° lat/yr)




Climate velocity explains shifts
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Do populations lag climate velocity?

—
>~
S~
—-—
O
L
=
<
(Ve]
0
)
—-—
O
—
O
O
>
—
)
(V]
O
O

-0.05 0.00 0.05 0.10

Predicted rate of shift (° lat/yr)




Do populations lag climate velocity?
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Do populations lag climate velocity?

South North
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Do populations lag climate velocity?

South North
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Do populations lag climate velocity?
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No evidence for an overall lag

p=0.12
mean = 0.003 ° yr!
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Outline

e Assemblages and species follow local
climate velocities



Outline

e Why do some species lag behind?



Can we explain different rates?

Observed rate of shift (° lat/yr)

163 fishes and 58 invertebrates
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Can we explain different ratese

Observed rate of shift (° lat/yr) ~
Climate velocity
Demersal/pelagic
Commercially fished/not
Biomass frend
Fish/invertebrate

Multiple linear regression, simplified by AIC
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Lags In fished, demersal species

Observed shift =

+ Climate velocity Q= O.31>

(=032 )

p < 1x10°10




Can we explain rates for fishese

Observed rate of shift (° lat/yr)

163 fishes
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Can we explain rates for fishese
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Can we explain rates for fishese

Observed rate of shift (° lat/yr) ~
Climate velocity
Demersal/pelagic
Commercially fished/not
Biomass tfrend
Maximum length
Trophic level
Growth rate
Lifespan




Lags in fished, demersal fishes

Observed shift =
+ Climate velocity
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Lags in fished, demersal fishes

Observed shift =

+ Climate velocity Q= O.4D
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Outline

e Fished, demersal species shift slightly
slower



Outline

e How does fishing affect range shiftse
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Model for a species’ range
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Model for a species’ range

adults
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With climate: no fishing
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Fishing: constant escapement
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Fishing: constant harvest rate
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With climate: constant harvest

Population goes extinct

with Emmma Fuller & Eleanor Brush
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Fisheries lag behind fish

Red hake
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Outline

e Assemblages and species follow local
climate velocities

e Fished, demersal species shift slightly
slower

e Fishing at leading edge slows range shift

e Fisheries lag behind range shiftfs



Implications for marine
management
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Conclusions

e Range shifts occur rapidly and can be
explained by local climate velocity

e These shifts affect ocean management,
iIncluding fisheries
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