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What I'll cover today...

e Terminology, Measurements,
and Models

e General Effects

e Broad-scale Fisheries Effects

e Great Lakes / Michigan Studies
e |l ocal Efforts




Some definitions...

e Climate change

— (1956) “...long-term change of the Earth’s
climate including changes in femperature,
precipitation, and wind patterns over a period of

several decades or longer.”

e Global warming

— (1975) “...the increase in the Earth’s average

surface femperature since the Industrial
Revolution, primarily due fo the emission of
greenhouse gases from the burning of fossil fuels

and land use change,...”

e Causes

Leiserowitz et al. 2014. “What’s in a Name? Global Warming vs. Climate Change.”




Measurements

e Monitoring (100+ years
e Surrogate measures
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Models!




Simple Model

Jaws breaker: Shark attacks set world record in 2015

Of 98 incidents,
59 were in the US.

USA TODAY

In the territorial dispute be-
tween sharks and humans, the
toothy beasts bit off a record in
2015.

sl n a

attacks broke the previous record
of 88 set in 2000.

Most folks in 2015 !scaped
with i m)u.nes, but the vicious fish
killed six people worldwide, on
par with previous years, said
George Burgess, curator of the
file housed at the Florida Mu-
seum of Natural History at the
University of Florida.

The majority of the attacks oc-
curred in the US., which logged a
record 59 incid Te-

on humans 98 times worldwide

corded 18 attacks and South Afri-

Shark populations — like human
ones — are also growing.
Most of the US. attacks — 30 —

The Carolinas each logged eight,
followed by Hawaii with seven,
and California and Texas with

two apiece.

“Sharks plus humans equals at-
tacks. As our population con-
tinues to rapidly grow and shark
populations slowly recover, we're

oceans as another factor in the
increase in incidents, Burgess
said. Water temperatures spiked
earlier in the season, which drew
more sharks to the shallow water
they prefer for feeding and where
people also tend to play.
A team of federal researchers
and tagged 2,800 sharks
along the East Coast before sum-
mer began, recording the highest
number in its 29-year history of
monitoring the population.
“We can and should expect the
number of attacks to be higher

last year, the most since records ca followed with eight. The more people spending timeinthe going to see more interactions,”
Mt €7 vimave atn ananeding tn  nravinne TTQ rannrd nf B2 ume et sea_ oiving sharks increasing op-  he said. each year,” Burgess said. “When
to encounter people, One attack occurred in New we visit the sea, we're on their
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Complex Model

CLIMATIC CAUSE-AND-EFFECT (FEEDBACK) LINKAGES
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A diagram by Sellers shows the many cause-and-effect linkages that must be
accounted for in a comprehensive climate model.




Climate Change...General

o Global temperature increase

e Lake temperature increase

e Changes in lake stratification

e |ce cover and lake-effect snow

e Other (e.g., acidification,
erosion, water demand, invasive
species)




Temperature Records

Average Global Temperature, 1880 to 2009
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GLOBAL Land-Ocean Temperature Index in degrees Celsius, GISS Surface Temperature Analysis, Goddard Space Flight Center,
http://data.giss.nasa.gov/gistemp/tabledata/GLE. Ts+d55Ttxt




Temperature Records
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Temperature Records

Climate Optimum Warm Period
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Average near-surface temperatures of the northern hemispere during the past
'1.000 years (after Dansgaard et al., 1968, and Schénwiase, 1585)




Great Lakes Changes

Bay City

1930 1930 1950 1960

Slope = 0.17
R*=10.12
- -

T T T T

Sault Ste. Marie

.

Lake Effect Snowfall

Standardized Snowfall

- - - -
e ot IO A Ly
te na q__' '5‘0.'0 . 8 e,
o ., ", : . . .
1910 1920 1930 1940 1950 1960 1970 1980

-
D™
e

3

™™ L FEP L LS FF LS LSS
Year (AD)

Slope = 0.65
RE=0.22

B B DB % D8 1360 Non-Lake Effect Snowfall

Put-In—Bay
.

Slope =0.25
R=0.10
L L L

1916 1920 1930 1940

Duration (days)
]

Standardized Snowfall

T T T — T
. ...-a "% . Erie

o
- -

- e |
LY .'..v‘c.‘-

Duration {days) )
? 3

. ] N A ~ N
=007 3 & P & o g B P
Rope =4 & RS G A
i : : : 2 ; z i 3
1900 1910 1920 1930 1940 1950 1968 1970 Year (AD)

Year

FIG. 3. (a) Composite standardized Oct—Apr total snowfall for lake-
effect sites for 1931-2001. The gray line represents the linear trend
in snowtall. (b) Same as (a) except for non-lake-effect sites.

Fig. 7. Plot of maximum potential DSS data from sites showing
significant trends over their entire data set (Table 2).

McCormick and Fahnenstiel. 1999. Limnol. Oceanogr.
Burnett et al. 2003. Journal of Climate




Climate Change...Fisheries

e American Fisheries Society
Policy Statement
— Lake fishes, fisheries, and habitats
— River and stream
— Coastal and estuarine
— Marine
— Arctic and sub-arctic
— Arid regions

¢ AMERICAN FISHERIES SOCIETY




Fisheries...Broad-Scale Effects

e Changes in species distribution

e Habitat change (e.g., 'dead
zones”')

e Species / Fisheries collapse (e.q.,
brook trout)




ARCTIC FISHES ALMOST PUSHED OUT OF THE BARENTS SEA BETWEEN 2004 AND 2012

Greenland Arctic Ocean : deeper water

Svalbard Fram Strait

* shallower water

5 Barents Sea
Central fishes

Kara Sea

Atlantic fishes

Fossheim et al. 2015. “Climate change is pushing boreal fish
northwards to the Arctic.”




' Zone?
What is a Dead Zone*
Algae growth near surface
bottom
T

T

Marine life dies or Low oxygen Oxygen consumed by
moves on dead algae

» .

Dead Zone
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Fisheries...Great Lakes

Studies (Broad-Scale)

e State Wildlife Action Plan

— Vulnerability of coastal
communities (WLD)

— Stream fish communities and

temperature change (FIS)
e Great Lakes assessments

— Change in species abundance
and distribution

e Dam removals




State Wildlife Action Plan




Brook Trout Habitat Loss
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Smallmouth Bass Habitat Loss
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Great Lakes Fish Assessments




Changing GL Fish Distribution

puilds. Significant positive (+) and negative (-] trendswere identified

based on gn o= 0.05. Regression coefficients and model results are found in Table 51-53.

A

HIll numbers Eutrophleation tolerance Thermal tolergnce
Slte g=0 g=1 g=2 Intolerant Moderate Tolerant Warm Cool [ Cold
Les Cheneaux 4 + + + + + 4
Bays de Noc - -
Saginzw Bay
St. Marys
South Haven
Saugatuck
Grand Haven
Arcadia
Leland
Charlevoix
Grindstone City
Autable
Sturgeon Pt.
Thunder Bay
Presque |s.

Fetzer et al. 2016. “Spatial and temporal dynamics of near-shore
fish communities in the Great Lakes.”




Fisheries...Great Lakes
Studies (Species-Focused)

e Yellow perch
— Reproduction and recruitment

e | ake whitefish

— Decision support tools for
commercial fisheries management




Yellow Perch Spawning -
Lake Michigan
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Lyons et al. 2015. “Trends in reproductive phenology of two Great
Lakes fishes.” (TAFS)




Wind

ADULTS

Adults are found
offshore in deeper
waters in the winter
and summer. They
feed mainly on

LARVAE

Larvae hatch out in the spring
with warming temperatures
and spring plankton blooms, a
vital food resource at this
critical life stage. If larvae

Lake Whitefish Production

THE LIFE OF LAKE WHITEFISH CLIMATE FACTORS INVOLVED IN PRODUCTION

EGGS

In the fall, adults move inshore
and spawn over rocky shoals. lce
protects the eggs, particularly in
sub-optimal spawning habitat,
from turbulence and the impacts
of storm events which can cause

dorit feed mmediately, they hiatrattaliies,

cannot survive.

I

benthic invertebrate
entnic invertebrates. o 'lﬂn , ‘t’u

Wind

NOTTO SCALE.

Ice Cover

ADULTS

To maintain optimal
thermal habitat in warmer
lake temperatures, adults
could shift to deeper
waters. o

Without the protection of ice
cover, turbulence and storm
events may cause high egg
mortalities, particularlyin
sub-optimal spawning habitat,

Warmer waters could increase
plankton productivity and
provide a greater food
resource for larvae.

[y T ——

Bustation: Michigan Sex Grant, MICHU-13-206

Lynch, A, WW. Taylor, 2013, Designing a Declsion Suppart Spstem for Harvest Management of Great Lakes Lake
Whitefish in a Changing Climate. In: GLISA Project Reports, D. Brown, D. Bidwell, and L. Briley, eds. Available from the
Great Lakes Integrated Sciences and Assessments (GLISA) Center.




Local efforts... TOMWC

Tip of the Mitt
Watershed Council
Service Area

ﬁ:F Sarvcm Aren Boundary

j Michigan Counties

Little Troverse Boy
{50, Lake Charievon

Elk Rives

Craadoed County Owcoda cuunrp:

—




Local efforts... TOMWC
Strategic Plan

e Goal 5§ — Assess current iImpacts
from Climate Changes and
promote adaptation and
remediation




Climate Change...Adaptive
Strategies (lake fish / fisheries)

Control sources of N and P
Increase local infilfration of rain water

Minimize destruction of shoreline and
aquatic vegetation

Maintain / restore balanced food webs
ldentity refugia for habitats / populations
Restore natural hydrologic regimes
System level management

s AMERICAN FISHERIES SOCIETY




Climate Change...Adaptive
Strategies (river fish / fisheries)

Restore / protect geomorphological
integrity of streams

Provide historic flow regimes
Provide connectivity of habitat

Maximize local infiltration and absorption of
rain water

Provide incentives for riparian protection

Incorporate prescription wildfire in forested
areqs

s’ AMERICAN FISHERIES SOCIETY




Conclusions

e “There’s nothing we can do!”




Conclusions

bk '

e Adaptive management
— Fisheries
— Watershed level processes

e Research
— including remediation strategies

e Personal action




Additional Information...

e hitps.//www.climate.gov/ (NOAA
climate information)

e hitp://www.michigan.gov/dnr (State
of Michigan State Wildlife Action
Plan)

e hitp://fisheries.org/ (American
Fisheries Society)

e hitp.//www.watershedcouncil.org/
(Tip of the Mitt Watershed Council)




