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Gulf of Maine Warming

® Rapid, non-linear warming
® Thermal regime shift ~2008
® Climate scenarios predict continued
warming
Why?
3 f‘% Gulf of O
al Maine °
p L =
2L <, N 1] o
'§ P -o'zl"rend?"yr“)o'z 3
8 1r ] " | j < e
< r p ' [ l | | [ _| | ”'_rﬂ‘w - o
of TR N ' LR =
] | /
l‘ ! \ ) i ” ' E
-1t l ‘;* } N i }93
i
_12980 19185 19190 1 9I95 Year 20I00 20105 2(';1 0 2015

Pershing et al. (2015)

2.5

Temperature Anomaly (°C)

-1.0 L L L L L L L
1980 1985 1990 1995 2000 2005 2010 2015 2020
Year

Pershing et al. (2018)

(d) Fall bottom PY
13- e,
® o ° /
12 o /\ / \ o o o.'.\ e °
> \ % e® o ‘\o '\/ /\ o
111 %% o'. g \/..‘ ad \ o .°\/ \ %
/\/ ® / e %o ®
101® o oo
9 T T T T T T T
1968 1976 1984 1992 2000 2008 2016
Year

Friedland et al. (2020)




SSH Anomaly (cm)

Gulf Stream Impingement

e As the Gulf Stream shifts northward
it pinches off subarctic currents at
the Tail of the Grand Banks

e This impacts the water masses
entering the Gulf of Maine
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Warm Water Intrusions

e Individual benthic warming
events increase in
frequency as Gulf Stream
shifts.

Daily averages: 2016 - 2017
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Gulf Stream warm core rings as seen in
satellite images influence deep basin
warming in the Gulf of Maine (Right, Du et
al. 2021; Buoy M, Top, Townsend et al.
2023)
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Fishery Changes
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Implications:
Lobster Life History

Larval availability

Propensity to
settle

Nursery habitat
availability

Potential demographic bottlenecks
Possible examples

Abundant
reproductive phase No
populations H. gammarus
Reproductive limitation due to low
t(ef population size
C ctivi
onn:) By E‘> H. americanus
. Settlement coldspots and
habitats
flumery heone poor recruitment years with abundant broodstock
Yes|
Propensity to

settle

(larval behaviour/choice) |

H. icanus and H. g
No Poor settlement in
cold regions or in cold yesrs

Yes|

Nursery habitats .m» N. norvegicus and H. americanus

Ye
~.

Low densities on sandy shores

&

Settlement sites
available
(competitive displacement)

m Abundant Yos
small predators

e

H. gammarus
Competes with and may get eaten
by diverse cobble-dwelling biota

Recruitment to the benthos

Settlement Hierarchy; Butler et al. (2006)

Reduced or unsuccessful recruitment

Lobster Life History

3 to 12 weeks ‘ ‘

About 1% to 2 years J L About 6 to 8 years

Settlement driven demography:
e Larval availability, propensity to
settle, nursery habitat availability
(sub)Adult behavior:
e Reproduction and distribution

How does climate change impact
these critical aspects of lobster life
history?



How?
e Larval particle tracking using NECOFS
(right)
Previous Work:

e Lobster particle tracking (Xue et al.,
2008; Incze et al. 2010; Quinn, 2017)
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Consistent locations, release dates, and
larval mortality

How does incorporating climate impacts
to these parameters impact larval

connectivity?



Integrated Research

Female Reproductive Trophic Settlement
Distribution Phenology Influences Regulation
Larval
Dispersal / Connectivity / Settlement

Year Class
Strength

Landings
Predictions




Female Distribution

Model Female Biomass in Spring
Trawl Surveys from:

MENH Inshore Trawl Survey

MA Inshore Bottom Trawl Survey
RI Coastal Trawl Survey

NEFSC Bottom Trawl Survey

Abundance of Females> 75 mm CL
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Female Distribution
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Female Distribution
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Modeling Female SSB Distribution

2-Stage Model Predictions
e 2 Stage GAMs describe changing
female distributions and performed

well.
o Full data model
o Annual models

o Regime shift models
2-Stage GAM

Cross-Validation
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4 5 6 7 8 9 10

CPUE

e CPUE is:

o O O O

Histogram of residuals

0 200 400 ¢

Higher in LMA 1 offshore regions
Increases from 0 - 10°C

Increases from 0 - 100 and >300m
Highest over sand / gravel bottom
and decreasing over silt / clay.
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Grouping Model Output

Pre-08 [ Post-08 |

logCPUE Model predictions
aggregated arounc
oceanographic
change point year.
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Reproductive Phenology
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Reproductive Phenology
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Implications to Larval Trajectories
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Trophic Influences

Stage | larvae increase with
increases in SSB

Stage | increases but Stage IV
decreases

Postlarval abundance declines
track similar declines in Calanus
finmarchicus
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Trophic Influences

J One-year lagged correlation
3.

e

Correlation

C. finmarchicus to lobster settlement
Wahle et al., (2021 LRC Report)




/ One-year lagged correlation

Trophic Influences

Training using particle tracks and
Seabrook data

Correlation
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Settlement Regulation
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Settlement Regulation
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Settlement Regulation

Proportion of Shallow Density Proportion of Shallow Density
(Young-of-Year) (Older Juveniles)
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Settlement Regulation

YoY Presence GAM

Potential demographic bottlenecks

Possible examples
Abundant
< - reproductive phase No
populations : H. gammarus
Reproductive limitation due to low
population size
Larval availability
C ctivi
onn; ity E‘J> H. americanus
- habitat: Settlement coldspots and
8 frimery e poor itment years with abundant broodstock
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Settlement Hierarchy; Butler et al. (2006)
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Settlement Regulation
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Settlement Regulation
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Lobster settlement

e \Warming above 12°C
expands available

density (N/m?2)

N

[=Y

Settlement
Regulation

thermal habitat for

postlarval settlement.
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Warmer conditions expand available settlement
habitat (Top), possibly regulating the area over which

larvae are dispersed (left). Goode et al. (2019)



Takeaways

SSB

e Changing HSIs in the central GOM makes
habitat more accessible during Spring

Reproductive Phenology

e Warming is shifting larval release earlier
and over a shorter duration

Trophic Dynamics

e Regional C. finmarchicus patterns
correspond to settlement

e Work being done to integrate patterns with
larval model

Settlement Patterns

e Settlement deeper can potentially utilize
colder temperatures than previously
thought

Advancement

Cryosphere,
Resolution

SDM,
Hatch
Phenology

Modified
Larval
Mortality

Thermally
Mediated

«| Settlement

Expanded I—
Domain ,—

Integration = Difficult, but
we’re refining our inputs to

Objectives

Validation

Hydrodynamic Model

eMOLT

Larval Transport

NH Larval
Survey

Trophic Interaction

NH Larval
Survey

Settlement Model

ALSI

Landings Forecasting

Historical

dhei

Landings

make everything as
applicable as possible




Questions?

Andrew Goode
https://www.researchqgate.net/profile

/Andrew-Goode

Everett Rzeszowski

https://www.researchqgate.net/profile
/Everett-Rzeszowski
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7 MAN, THIS IS JUST THE
| PERRRRRFECT TEMPERATURE!
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