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Climate on the NE Shelf: Things are warm...
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Wide variation in range shift direction
On average, many poleward shifts noted

Fi omIS‘TO 2006, as open temperatures were rising, catch In the tropics, the catch composition changed from 1570 to 1980 and
comp nin the subtro p| and tempera sl |y changed then stabilized, likely because there are no species with high enough

inciude mre wammwate r species and fower codkwater species. temperature preferences to replace those that declined. B ut re g I O n al |y, p atte rn S m ay Vary
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Project goals
e Phase I: Kleisner et al. 2016, Plos One

76 72 68 64 * Define assemblages of demersal
- - " species based on ‘realized’ niche =
habitat/oceanographic conditions

» Looked at the Gulf of Maine versus
southern NE Shelf

* Explore shifts of species assemblages
over the trawl survey time period

 Explore how species assemblages
track the shift of temperature
Isotherms: “climate velocity”

44

o

Strongly

influenced by _
e riceLam © Phase Il Kleisner et al. In Prep.

d water masses w * Forecast species suitable thermal
- ’Proad’ shallow shelf J habitat across the NE Shelf using a
¥ G

high resolution climate model to
explore patterns

reater stratification
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Data Source: NEFSC Bottom trawl surveys

e Long (almost 50 year)
sample taken in spring
and autumn

e 1968-2013
 Approx. 80 species

e Surface and bottom
temps/salinity

* Lat/Long and depth

o Stratified Random Design RESees

e Random stations within EEERRES
geographic strata ‘

defined by depth and
habitat

Photo credits: NEFSC/NOAA
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Study region

 North: Gulf of Maine
(GOM)
* Variable depth, strong
MIXing
« South: Georges Bank
(GB) and Mid-Atlantic
Bight (MAB)
 Broad shallow shelf,
stratified, warmer waters
 Define 4 assemblages per
season and region for 4
time periods
* 1968-1978, 1979-1989,
1990-2000, 2001-2012

 Bottom and surface
temperature and depth
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Core species—north

‘Core’ species: cluster together by both methods in
at least three of the four periods

Assemblage 1

Assemblage 2

Assemblage 3

Assemblage 4

Bathypelagic
(deep) and cold

water:
Blackbelly rosefish
Smooth skate
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Core species—south

Deep and cold water:
Blackbelly rosefish
Witch flounder
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Identifying COBs over time: biomass-weighted
mean lat-long
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Fall, Gulf of Maine/Scotian Shelf
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; \ Phase Il

Climate _ o
Modeling Goal: make (relatively) long-term projections of

\ species distributions based on climate
scenarios from a high resolution model

Projections Analysis \

Assess impacts

Projections:

Niche model:

3117 > 3
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g g
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Modeling e
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GFDL climate model suite

Temporal standard deviation in dynamic sea level (DSL)
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Niche models: GAMs

Delta log-normal model—2 component models—calculated GAMs for each
species: | |
Suitable thermal habitat:

P(Presence/Absence) ~ E(log(Biomass|Presence) ~
s(Bottom temperature) + s(Bottom temperature) + | Dynamic
temperature

s(Surface temperature) + s(Surface temperature) + | | qriaples
depth + depth + - Range shifts?
stratum + stratum + ; '
rugosity* + rugosity* + 87

e ~ Binomial(n,p) e ~ Gaussian() ¥

5 10 15
Bo’r)om temperature

P(presence/absence) x E(log(biomass|presence
*Riley et al 1999: Terrain Ruggedness Index
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Thermal ‘envelope’ from GAMs

Do GAMs with environmental variables give better long-term
predictions than naive models?

e Naive model: random walk model with drift

Split observed time series:
 Training set (1968 — 2001)
o Test set (2002 — 2013)

First use training set to fit naive model and GAM over training period
If good fit, then use the training set to predict the test set

How well do the predictions match our observed values in 2002
through 20137
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Assumptions

 Can only assess changes in distributions that may be
likely due to temperature changes under CM scenario of
doubling CO, in 70 years

e \We assume:
 No changes in fishing effort
 No changes in habitat quality
« No changes in species interactions

 Only looking at change potential given changes in
temperature

* Forecasts useful for understanding general patterns and
for informing adaptive management strategies
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FALL MODELED HISTORICAL
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Overall patterns

 Historical:
 Exploring the assemblages on a regional basis highlights some
different patterns:

 NE shift in the GB/MAB may be indicative of species shifting
poleward to cooler waters

o SW shift in the GOM/SS may be due to cooler bottom temps in the
SW GOM

e [uture:

e Climate winners and losers?

e Southern species shifting north and increases in suitable thermal
habitat

 Northern species show greater declines in suitable thermal habitat
« Potentially significant implications for fishing communities as

species distributions shift further from traditional fishing
locations
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Results are useful for:

 Understanding projected impacts of climate change
on distributions of vulnerable fish species

e |dentification of biomass hotspots and areas of
high fish biodiversity

 Assessing implications for developing spatial
protection strategies in response to climate change

 Evaluating socio-economic and management
Implications of climate change
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GOM Species are constrained by geography &
variable topography/oceanography
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Deeper waters provide
temperature refuges

High ‘rugosity’ = hiding spots
and new habitat for incoming
species
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‘Forecastability’

 Based on the ability of the GAM to predict test
samples, use the GAMs to forecast based on
temperature projections

* Mean Absolute Scaled Error (MASE): a measure of
the accuracy of forecasts used to determine which

of the GAMSs have forecast potential How good is the
/ \ / forecast?
1L Y- F| «
MASE = —Z 1 quv good is the
= \m 9 K o Y;—l j g?el\(;?ction?
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Assemblage characteristics

Depth and bottom temperature most important for defining assemblages
Assemblage 1 (red): warmer/shallower > Assemblage 4 (yellow): cooler/deeper

Bottom temperature (deg C) Depth (m)
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