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The Gulf of Maine — a hotspot of warming

2021: Average Temperature Anomalies e Gulf of Maine
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Seasons change...but not like before
Seasonal thermal regime shifts
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Seasons change...but not like before

Spring onset
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Seasonal thermal regime shifts
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A. Shrimp and lobster harvest
peak ~20 days earlier, leading
to earlier attenment of catch
limnit.

B. Eggs layed 12 days later.
Young fledge 9 days later.

C. Spawning migration runs
start 13 - 20 days earlier.

D. Occurence ealier or later
depending on species.

E. Sea slug spawning starts
3 months later, extends into
fall. Shrimp hatch starts
earlier and ends later.

F. Peak abundance
broadened, shortened,
or starts earlier,

G. Spring and Fall blooms
later by 9 - 4 days.

H. Transition to Spring

19 days earlier. Transition
to Fall > 32 days later.

Evidence for shifts across
the GOM ecosystem

 Few studies overall (N=20)

* Most evidence for base
trophic levels

* High variability suggests
potential for mismatches

Staudinger et al., 2019. Fisheries Oceanography



Focal small pelagic (forage) fish in the GOM

River herring

Sand lances

Atlantic herring

Alewife (Alosa pseudoharengus)
blueback herring (A. aestivalis)
Highly migratory, anadromous
Moratorium on fishing

Bycatch in At. Herring fishery
Limited inshore data

American (Ammodytes americanus)
Northern (A. dubius)

Inshore, offshore

Unmanaged forage fish

Catchability issues in trawls

Clupea harengus
Commercial fishery
Inter-guild competition, anti-
cycle w/sand lance

Limited inshore data



Co-produced research questions

* Have there been changes alewife spawning migration

phenology?
o Time-of-year (TOYs) restrictions on watershed
development, water withdrawals, irrigation
o Seasonal fishing restrictions

* Are nesting seabirds becoming temporally mismatched
with their prey?
o Local availability / depletion
o Effects on fitness, survival and population dynamics




Co-produced research questions

* Have there been changes alewife spawning migration
phenology?
o Time-of-year (TOYs) restrictions on watershed
development, water withdrawals, irrigation
o Seasonal fishing restrictions

* Are nesting seabirds becoming temporally mismatched
with their prey?
o Local availability / depletion
o Effects on fitness, survival and population dynamics

* Is whale (foraging) habitat use of Cape Cod Bay changing?
o Seasonal closed areas
o Fishing / entanglements with fixed gear
o Shipping traffic




Data collection and analyses

To track phenology — need to know not just that
species was there, but when it was there

Non-traditional data sources
 Citizen science networks for river herring
e Using predators as biological samplers

High maintenance data
 Compile

* Digitize

e Standardize




Latitude

Monitoring river herring with citizen science networks
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> phenology metrics
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Shifts in spawning migration phenology varies spatially
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Regional environmental and ecological drivers of movements
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Runs that started later were shorter in duration
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Seabird-forage fish predator-prey mismatches
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* Forage fish occurrence in diets

e 7 nesting islands, Maine Coastal
Islands NWR

e 1988 - 2018




% Frequency Occurrence

Terns are highly specialized predators

100%
< btw 1988 - 2018 > 70% of
fish in chick diets contain

75%
only 3 prey groups
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50%
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Yokola et al. 2022. Waterbirds.




% Frequency Occurrence

Seasonal dietary phenology
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% Frequency Occurrence

0.6
0.5
0.4
0.3
0.2
0.1

0.0

Location matters!

0.6 0.6
o a—— 4
0.5 0.5 SEZ::jj:;;IZZ
Sandlance .
0.4 0.4 Herring
Hake
0.3
0.2
0.1
o.oj | | ; | | ‘ 0.0

Island

188 197 206 215 170 188 197 206 215 170 179 188 197 206 215
Year day Year day Year day

§ 0.6 0.6 0.6

@ 05 03 0.5

:5 0.4 off

§ 0.4 - 0.4 = /

0G! LAY
-, 03 03 op 0.3
§ 0.2 0.2 02
SINWR

o J 5T

] 0.1 0.1 oGl 0.1 pIN

e EER A

P4 0.0 0.0 0.0

170 178 188 197 206 215 170 179 188 187 206 215 170 179 188 187 206 215

Day of Year Day of Year Day of Year



Hake

Hake show sensitivity to multiple warming signals
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Preferred prey positively influences tern productivity

Common

terns
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Conclusions

** New insights gained from non-traditional sources
* Citizen science networks
* Predators as biological samplers

** Responses are non-uniform in magnitude and g L
directionality across: B ER
 Regional and local scales & ) (
* Species and populations L o< LA
 Environmental drivers 05
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¢ Ecological and anthropogenic factors confound
climate responses:
* Population size
o Restoration

O Fishing Herring recruitment (Billions)

% in Chick Diet

0.0~

S N ¥ © o Q9 N =
O o © o o @~ « -

NOAA 65 Regional Stock Assessment (1986-2017)



University of Massachusetts Amherst Visit Apply Give Q

P
A—@ NE CASC About  Ne Resources  Partners
‘ Northeast Climate Adaptation Science Center

A |11 -
T H N K YO U I Increased Federal Investment in CA5C Program Leads

to New Midwest CASC an2-kevised Geographical
Footprint for NE CAGC

‘ Learn More

Learn more at:

Delivering science to help fish, wildlife, water, land, and
people adapt to a changing climate.

necasc.umass.edu

Science=~> Partners=> Fellows >

Our consortium assembles a team of Collaborating with natural and cultural We are preparing the next generation of
climatologists. biclogists. ecologists and resource managers, we cultivate the climate adaptation leaders to build
hydrologists who use cutting-edge knowledge required to inform relationships with partners and
approaches to address major challenges management decision-making and collaboratively design research that

MarineFisheries
Commonwealth of Massachusetts F./ posed by climate change. produce actionable results. meets stakeholder needs.

science for a changing world

.., o0, -.o.o_-
“tege*’ GUIf Of Maine @ éndters?n %abOt Lif [.J I~ L &SS

. enter ror Ocean Lire
Research 'nStltute at the New England Aquarium AMHERST

Science. Education. Community.




	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23

