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PART ONE
PAST AND FUTURE CHANGES IN
CLIMATE



Past and Present CO, Levels in the Atmosphere
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glob air tp anom:annualfrom 1960-90 norm

Global Annual Air Temp Index 1856-2000

(global annual air temp, measured as deviations from the 1856-2000 mean)

Scatter Plot of ANOM vs YEAR
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Carbon Dioxide (prk
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Natural forcings alone do not explain observed Add recent trends in greenhouse gas and
warming in 2"d half of century...simulations Sulphate aerosol concentrations and recent
including JUST natural forcings cannot predict warming trends are accounted for.

recent warming trends.
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....the overall large-scale pattern of observed near-surface temperature change over the 20th century is consistent with our
understanding of the combined impacts of natural and anthropogenic forcings. Natural forcings were relatively more
important in the early-century warming and anthropogenic forcings have played a dominant role in warming observed in
recent decades ...... global mean temperatures continue to increase at a rate similar to that observed over the last three
Decades [in response to predicted future trends in greenhouse gas emissions] Stott et al. 2000. Science 290:2133-2137.



How Will Future CO, Levels Drive Climate?
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Temp

Past and Future Changes in Great Lakes Region Climate

Absolute Change in Temperature (°F)
(relative to 1961-1990)
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Conservative Estimate of Climate Change
by 2090

(1) 10 to 20% increase in rainfall
(i) 2to 4 C increase in temperature




PART TWO
IMPACTS ON LAKE ENVIRONMENTS



Conservative Estimate of Climate Change by 2090
(i) 10 to 20% increase in rainfall
(i) 2 to 4 C increase in temperature

IMPACTS ON LAKES
Rule of Thumb
A 10% increase in rainfall is needed for each 1° C of warming
In order to maintain existing water levels.

Therefore
(i) reduction in water levels

(i) increase in ice free periods
(ili) increase in summer surface water temperatures

(iv) increase in stratification period



Presenter
Presentation Notes
although there will be more rainfall, there won’t be enough to balance the increased evaporation from the higher temps so water levels in the lakes are likely to go down 



DECREASE IN LAKE WATER LEVELS

Lake 2xCO, 2030 2090
(range of (range of 4 (range of 2
4 simulations) simulations) simulations)
Lake Superior |-0.23mto - 0.0l mto +0.11mto
—047m -0.22m —0.42m
Lakes Huron -0.99mto +0.05mto +0.35mto
& Michigan —-2.48m -0.72m —1.38m
Crystal Lake —1.00mto
Wisconsin —190m
Groundwater +0.1m to
near Lansing, - 0.6m

Michigan




Less Fresh Water




Warmer, Open Waters

Longer Ice Free Period



Expected Decreases in Ice Cover

Lake Current Future Scenarios
Situation
By 2030 By 2090
Lake Superior (3 | No ice-free Increase ice- Increase ice-free
basins)? winters free winters to | winters to as

as much as 4%

much as 45%

Lake Erie (3 2% of winters | Increase ice free | Increase ice free
basins)? are ice free winters to as winters to as much
much as 61% as 96%
Small inland lakes® | ~90—-100 days | Decrease ice cover by 45-60 days
of ice cover with a doubling of atmospheric CO,




Do recent historical trends reflect
these projections for the future???



Lake Erie: Historical Changes in Winter Duration
and Summer Surface Temperatures
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From: Jones, M et al. 2006. Canadian Journal of Fisheries and Aquatic Sciences




WINTER DURATION: Monitoring the Intensity and ‘Visibility’ of Change
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EAR

Lake Erie 1900-2000: Winter Duration — Summer Water Temperature
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Presenter
Presentation Notes
Here we see a plot of winter duration…..defined as the number of days surface water temperatures are below 4C….vs time
AND
A plot of mid-summer surface water temperature vs time

Both plots have been smoothed by taking the annual values and generating a 5 year running average…..which is what is plotted here….
As you will see….sometime in the mid 1960’s a progressive trend toward shorter winters and warmer summers has set in…..the winter duration trend is cleanest and there we see a decline of almost most a month since the mid 1900’s…..now these plots end in 2000 but the trend appears to be continuing….last winter, lake erie was essentially ice free  
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Summer Mean Surface Temperature Versus Year by Basin

Wyestem

L 24

Water temperatur

Eastern

Qutlet Basin

e =

(RS R = i )

1970 1980 1840

Westem

2000 1970 1980 1840

Central

1970 1430 19490

Eastem

1870 1880 1840

Marthem

2000 1870 1980 1880

Central

2000

1870 14980 18490 2000

Southem

1870 1980 1890
Western
T

Air |
oy -
1w "

Water
3

1960 1383 1900 1955 2000 2005

2000 1870 18980 1880
Central
1
(B}
13 I\
I 1
. |-
L L

&

1580 1583 TE00 1595 2000 2005

1970 1980 1940 2000
Eastern -
(1] 1|
15
]
10 B
1
]

1980 1965 1990 1965 2000 2005

2000

For 4 Great Lakes

ONTARIO*
1970-2000
Summer Surface Water
Temps

ERIE*
1970-2000
Summer Surface Water
Temps

HURON*
1970-2000
Summer Surface Water
Temps

SUPERIOR**
1980-2005
Summer Temps: Air & Surface Water

*Dobiesz and Lester, In Prep.
**Austin and Colman, 2007, Geophysical Research Letters,Vol. 34.



LAKE SUPERIOR
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PART THREE
IMPACTS ON FRESHWATER FISH OF:

o[ ess water,

eLonger ice free periods

*Warmer surface water temperatures *



Preferred Temperature

Choose
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growth
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Presenter
Presentation Notes
Fish are poikliotherms….their body temperature is set by the environment they live in…..and a typical species will have a characteristic range of temperatures where measures of performance like growth rate are maximal and that range is not particularly large…..around 4 to 6 degrees…..AND if offered a choice of temperatures in which to live, a fish will typically chooses temperatures that are in the range where its performance is maximal – its fundamental thermal niche….

If the choice experiment is repeated, very similar temperatures are always chosen …..average them and get the preferred temperature and call the preferred +- 2C the thermal niche of the species  


Temperature Groupings of Common Great Lakes Fish
from page 53
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Kling, G.W. et al.. 2003. Confronting climate change in the Great Lakes Region. Union of Concerned Scientists
and Ecological Society of America, Washington, D.C.



Presenter
Presentation Notes
…….fish can be characterized by their preferred temperature and ordered into groups depending on whether those temperatures are low medium or high……this establishes membership in the cold, cool or warm water thermal guilds…..this graph illustrates how many of the common species found in the great lakes basin group according to their preferred temperatures


Typical Representatives of Each Thermal Guild

Lake trout - preferred temperature range
: 10-15C

Cold

Walleye - preferred temperature range
20-25 C

Cool

26-31C



Presenter
Presentation Notes
Here we have a common great lakes representative of each guild


Lake Trout: 42- 72 N. Lot
Biogeographic Ranges

Smallmouth bass: $3-56 N Lar



Presenter
Presentation Notes
Note how the biogeographic ranges of each of these species is shaped exactly how you might expect given the temperature range over which performance is maximal…..north=cold, south = warm…….cool is in the middle


-

Correspondence Between Physiological Preference and Climate
at Northern Limit of Range
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Presenter
Presentation Notes
The preferred temperature of a fish is indicative of the coolest climate that it can tolerate: a cold water fish can tolerate very cold climates, a warm water fish cannot.
Here we show: (i) how imposing a climate map on a distribution map can be used to estimate the coldest climate a particular species can tolerate; (ii) the positive association between coldest tolerable climate and preferred temperature   


Physiological Preference and Climate at Northern Limit of Range
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Presenter
Presentation Notes
Association between preferred temperature and coldest tolerable climate for 25 North American freshwater fish species.  At a particular climate, species with preferred temperatures below the orange band should be common, species with preferred temperatures above the orange band should be absent and species with preferred temperatures within the orange band should be present but sporadically distributed. Warming of the current Duluth-Manitowoc climates should be beneficial to fish with preferred temperatures > ~ 25 C. 
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Temperature Groupings of Common Great Lakes Fish
from page 53
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Presenter
Presentation Notes
From these facts it seems intuitively clear that if lakes warm: cold water fish will suffer, 
									 AND warm water fish will do well 
What of cool water fish????

We will take a coolwater fish common to the basin and try to address this question. 


Some Winners and Losers .....

TABLE 2. Some fishes which could alter their range
within the Grear Lakes basin wunder conditions of

climate warming.

Winners Losers
river carpsucker white catfish brook trout
lake chubsucker white perch lake trout
bigmouth buffalo mud sunfish lake whitefish
black buffalo redbreast sunfish round whitefish
river redhorse war mouth burbot
ETAass carp orangespotted slimy sculpin
comely shiner sunfish
red shiner flier
blacktail shiner banded sunfish
black bullhead bantam sunfish

brindled madtom banded pyvgmy

northern madtom sunfish
flathead catfish blackbanded sunfish

blue catfish

From: Mandrak, N. 1989. Journal of Great Lakes Research.


Presenter
Presentation Notes
A list of species currently resident in the Great Lakes Basin that will benefit from warming and a parallel list of species that will be negatively affected. 


Assessing impacts of warming on a walleye population

LR L L T S S

Temperature Groupings of Common Great Lakes Fish
from page 53
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Example: Walleye in Lake Erie
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Presenter
Presentation Notes
We will take a coolwater fish common to the basin and try to address this question.

THE WALLEYE


Impact of Climate Change on Supply of
Suitable Walleye Habitat in Lake Erie



LAKE ERIE
Three Basins: west = smaller and shallow
central = largest and a bit deeper
east =smaller and very deep

Less Water
Longer Ice Free Period
Warmer, Open Waters

SEE: Jones et al. 2006. Canadian Journal of Fisheries and Aquatic Sciences 63:457-468.
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Presentation Notes
Lake Erie has 3 basins, that vary a lot in size and depth: central is the biggest, west and east smaller, west shallow, east very deep and central a bit deeper than west….and these differences in bathymetry will have a big impact on expected effects of climate change

These difference will play a large role in impact that these changes will have on the walleye living in each basin
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Presenter
Presentation Notes
Here’s the lake with its’ basins


WALLEYE PREFERENCES

Defining Suitable Thermal Habitat Defining Suitable Optical Habitat
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Presenter
Presentation Notes
Here’s the preferences that are specific to this species…..we’ve added a light preference here too since walleye are particularly sensitive to light as well as temp…..re eye specialization for low light feeding


Percent Change In Suitable Habitat (= Habitat Supply) Given:
*2C increase In surface temperature
*2mdrop In water level

. Weighted Habitat Area Weighted Habitat Volume

Basin : : : :
Optical | Thermal | Combined | Optical | Thermal | Combined

East 5 22 32 -10 4 I

Central -9 8 3 -20) -9 -16

West -29 -13 -26 -38 -26 -38



Presenter
Presentation Notes
The shallow west basin suffers from both the absolute loss of habitat because of the decline in waterlevel but also shallower depths mean warmer surface water temps and higher light levels at the new shallower bottom…all bad for walleye

Area for walleye …. Volume for lake troutt


IF

Changes in Climate Affect the Quantity and
Quality of Habitat Available to Individual Populations

THEN

How Will Sustainable Harvests Change?



Impacts of Declines in Both Habitat Supply and Habitat Quality on

harvest

Sustainable Harvests

L

supply

guality




Percent Change in Suitable Habitat (= Habitat Supply) Given:
*2C increase In surface temperature
*2m drop In water level

. Weighted Habitat Area Weighted Habitat Volume

Basin : : : :
Optical | Thermal | Combined | Optical | Thermal | Combined

East 5 22 32 -10 4 I

Central -9 8 3 -2() -9 -16

West -29 -13 -20 -38 -26 -38

Change in habitat supply ~ = Change in sustainable harvests



Presenter
Presentation Notes
There for the east will improve  by a bit but the central and particularly the west will decline….area is probably the most
suitable measure of habitat supply for species like walleye that tend to be bottom oriented……volume might be more suitable for a more pelagic fish like lake
trout. 


General Impacts of Likely Changes in Climate on Fish Ecology &
Consequences for Fisheries.

Consequences for Fisheries
Climate Change Impacts on Fish

Ecology
Change in overall fish production | Change in sustainable harvests for all fish
in a particular aquatic ecosystem populations in the ecosystem
Change in relative productivity of | Change in sustainable levels of exploitation that
individual fish populations in a can be directed against the fish populations of the
particular aquatic ecosystem ecosystem
Large-scale shifts in geographic Change in mixture of species that can be
distribution of species sustainably harvested within a specific region.

Change in location of profitable fishing grounds

Small-scale shifts in the spatial Change in sustainable harvest for the
distribution of members of a population

specific population
Change in efficiency of fishing gear, leading to
change in sustainable levels of fishing effort




Adapting to Climate Change

Water conservation increased demand for direct human uses may
lead to severe reductions in habitat supply

Refocus fishing on populations whose productivity
Is improved by climate change.

Protect populations whose productivity is damaged by climate change

Reduce impacts from other agents of stress:
Eg: - mitigate impacts of contaminants
- limit competition between humans and fish for water
- control access of invasive species

Actively accelerate northward shift of warmwater species
AND / OR
Actively protect coldwater species from competition with warmwater species



TAKE HOME MESSAGES

1. Climate change is underway.

2. Some future change is unavoidable — however, if limited, the
Impact of this change on aquatic environments can be evaluated and
planned for.

3. Delaying control of greenhouse gases will accelerate the rate and
magnitude of future change and thus render planning and mitigation difficult,
and perhaps impossible.
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For Michigan, summers in 2030 could be like those in Kentucky, while by the
end of the century, they may feel like ones in Arkansas today.
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Kling, G.W. et al. Zack. 2003. Confronting climate change in the Great Lakes Region. Union of Concerned Scientists
and Ecological Society of America, Washington, D.C.


Presenter
Presentation Notes
In this report we used the two mid-range emissions scenarios shown earlier, and ran them on the latest version of two state-of-the-art general circulation models [or global climate models] – the HadCM3 and the National Center for Atmospheric Research’s PCM. We combined them with 100 years of historical climate data gathered from 300 stations in the Great Lakes region to ensure that the global model output is calibrated by the regional historical record. In the future, we expect regional climate modeling and other statistical downscaling methods to improve regional projections, but until such methods are more sophisticated, this is the best approach available at present. The climate projections for ~2100 are as follows:
Temperatures will increase overall, with winter warming by  5-12°F (3-7 ° C), and summers by 5-20°F (3-11°C). This will produce more heat waves and the growing season  will expand by several weeks. 
Average precipitation may not change much, but the main story lies in the seasonal shifts: during winter and spring precipitation could increase, while during summer and fall, rainfall could decrease. Together with the higher temperatures, this would mean drier soils, and possibly more droughts.
More extreme events – such as storms and floods. These events could be 50-100% more frequent by 2100 than now; the change in frequency varies some across the region.
Ice cover decline will continue. 
Taking all these changes together, future summers and winters will feel radically different than they do today. [use arrow down keys to show migrating climates] E.g., within three decades, a summer in IL may feel like a summer in Oklahoma and by the end of the century more like one in east Texas today. For MI, summers in 2030 could be like those in Kentucky, while by the end of the century, they may feel like ones in Arkansas today.



Frequency and severity of droughts may
also increase in central North America

Longer and more often........
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