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Key Points

Multiple stressors influence the Great Lakes
— Vary in impact, vary spatially

— The constellation of stressors differs among lakes and
among locations within lakes

The lakes provide multiple human benefits
— Like stressors, benefits vary spatially

Management plans vary in focus
— Restoration, conservation, P abatement, ....

How might a lake-scale effort to combine multiple
data sets aid decision-making?
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WD inland and groundwater
WD Great Lakes

] TX pesticides

TX organics nonbiomagnifying
TX organics biomagnifying

TX metals nonbiomadnifying
TX metals biomagdnifying

TX emerging chemicals

TX areas of concermn

NP sediment loading

NP P loading

NP pharmaceutical loading

] N loading

NP combined sewer overflows
IN benthic algae blooms

IN zebra and Iﬂuagga mussels
IN wetland plants

IN sea Iamprer

IN'fish

IN planktonic species
IN underwater plants
IN harmful algal blooms
IN emerging fish diseases
ballast water risk
Fl recreational noncharter
Fl recreational charter
Fl nonnative stocking
Fl native stocking
Fl D||?0re|a decline
| commercial
Fl aquaculture
CD road density
CD recreational use
CD power plants

CD minin

CD developmen
CC warming water temp.
CC decreasingice cover
CC changing water levels
AQ dams on fish passage
AQ dams on flow sediment
AQ submerged cables pipes
Q shaoreline hardening
AQ shoreline extensions
AQ shipping lanes
AQ marinas and boating
Q light pollution
AQ industrial ports and harbors
AQ hypoxia
AQ channel dredging

Stressors {category and name)
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Impactscores individually

Importance of 8
categories of stressors
from a survey of Great
Lakes experts (n = 230
complete responses).

Abbreviations:

CC = climate change,
TX = toxic chemicals,
NP = nonpoint source
pollutants,

AQ = aquatic habitat
alterations,

CD = coastal
development,

IN = invasive and
nuisance species,

FI = fisheries,

WD = water
withdrawals and
diversions.

Smith et al., in prep.



Estimating Cumulative Stress

1. Develop maps of intensity of each individual stress

2. Develop a relative weight for each stressor (from survey)

Compute a weighted sum

Nitrogen load (tributary + atm)

Sum (Stressorintensities x weights)

-
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summer surface temperature
+

"'?‘ )} X 3.49%

winter ice cover duration

ri\ﬂ X 3.93%

ballast water release
+

X 1.90%

coastal recreational use

... for 34 stressors

X 3.81%

Cumulative
stress
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Cumulative Stress

Cumulative Impact Score
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highest 20% = red,
lowest 20% = blue

Allan et al. 2013. PNAS 110: 372-377

Based on 34 stressors representing 7 themes: land runoff,
contaminants, fishing pressure, invasive species, coastal
Relative scaling: development, aquatic habitat degradation and climate change.
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Great Lakes Parks
. Annual Visitation
. Average for 2008-2011 (CA) and 2005-2010 (US)

Bl o cais

B ¢ 000 - 40,000
B 40,001 - 100,000
B 100,001 - 160,000

160,001 - 320,000

o= I ::0.001 - 8,200,000
/
-
-
.
- - -
-
L *
- .‘. ]
L]
-
. - .
]
. -
- - . -
- - .
. -
r .s
.
. -
- - .
o L -*

eBird hotspots

’3. number of visits (2000-2011)
gy P
; e 0
27 Y
," * 1-3
”m_:"' b .y o 4-10
f"ﬂ’ - - e 11-50
"T \; . 51-3205
oa”? e

teBird: An online database of bird distribubon and abundance. Cor nell Lab of O W‘"OW\’ Ithaca, New York. http-//www ebird org. Date accessed: 6 Jul

ne, 2013,
Hotspots accessed from: hitps.

The 139 state, provincial and national parks
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854 public-access beaches in the Great Lakes

Birding activity located within 5 km of the
shoreline in the Great Lakes

Angler Hours by Statistical District
thousands of hours | year
-
- EE
B 101200
201-300
301-400
401-500
B 0000
B 10012000

Great Lakes sportfishing (effort as angler hours)
averaged for 2009-2011




Focusing on Lake Erie....




\ .:I / _ Lake Erie shows high

| v | cumulative stress (top left) and
| a substantial number of
stressors above the basin-wide
mean (bottom right).

The greatest stress is in near-
shore waters

Cumulative Stress
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HABs and Cladophora not
included, due to inability to
obtain consist data across
all five lakes - A limitation of
the basin-wide approach.

Number of Stressors Above Mean
LR
| ERL

| 11-12

Hypoxia was included — but ,
ranked only as a middling | ] — o
threat overall.

Allan et al. 2013. PNAS 110: 372-377



Are Ecosystem Services Clustered?

Ecosystem Services
Parks

Beaches '
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Allan et al., in prep.



How do Services Vary in Use?
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Relationship with Economic Indicators?

GDP ($ millions) Tourism and Recreation
-
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Data courtesy NOAA’s
ENOW Program

Allan et al., in prep.



Joint Analysis of Stressors and Services

Human
benefits

Protection Restoration
emphasis (e.g. priority areas
Pt Pelee?) (e.g. Many
river mouths?)
Is restoration
?
Let’ern be warranted:
(e.g. ?)

Cumulative Stress




Spatial Analysis to Assist Management

e How can we use this information for holistic
spatial planning of new activities?

Potential Inputs:

e threats locations (and
what/how many threats)

e services locations (and how
threats align with services)

e current plans and activities
* local knowledge

Potential Outputs:

e decision support, such as
threats to tackle at different
locations and new locations
* more synthetic view of
actions and possibilities
*Specific recommendations
that are spatially explicit
within a lake-wide analysis



With the help of many!

e Core Working Group

e Key team members

— S. Smith, P. McIntyre, C. Dickinson, C. Joseph, A. Marino, A. Prusevich
— Students: R. Biel, J. Olson, K. Hanson

e Data providers

— Dozens of staff from state agencies, OMNR, GLERL, USGS,
Environment Canada, USFWS, TNC, GLFC, IFR, GLEI, NFHAP

— Academic scientists from USA & Canada _\;?-\;gf -.5_3'5.;.
Suggestions or Data to Share? : ’ffm_ﬂi\‘

sdpsmith@umich.edu
dallan@umich.edu
http://www.greatlakesmapping.org

Fred A. and Barbara M.
Erb Family Foundation

WATER CENTER

UNIVERSITY OF MICHIGAN
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http://www.epa.gov/glnpo/image/
http://www.glfc.org/multimedia/photos.php

Extra slides



Lake Erie Frameworks

Phosphorus (No. 1 stressor) focus
— 1JC’s LE Ecosystem Priority, Ohio LE P Task Force, LAMP

Biodiversity focus
— The Nature Conservancy’ Biodiversity Conservation Strategies

Multi-stressor focus
— GLEI, GLEAM

Plans and Conferencing

Great Lakes Restoration Initiative (GLRI) action plan (2010, USEPA)
United States Great Lakes Regional Collaboration (2005, United States)
State of the Great Lakes report (SOLEC, 2009, binational)

International Joint Commission (1JC) Biennial Report on Great Lakes Water
Quality (2011, binational)

The Biodiversity Conservation Strategy (Blueprint) projects led by The Nature
Conservancy and Nature Conservancy of Canada



Lake Erie Commercial Harvest

Annual Commercial Harvest (round pounds)
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e Reporting and Assessment Units

D Eastern Basin
- Huron-Erie Cormidor

- Westem Basin
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Find a Project

Enter a location (such as area of concern or watershed) or 2 project name
in the sesrch box. Select a year and click Search to query.

Year: |All E| w

Search Results for: : Al Grants
Results found: 554 | Current view: 830 | Clear Resulis

Search results on map Search resulis as a list

Focus areas
133
.Cleaning up toxdes
.Cumhaﬁng invasive species
.Prnmnting nearshore health
.Resmring wetlands and other habitats
-Tracking progress and working with strategic parners
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Full names: Cleaning up toxics, Combating Invasive Species, Promoting
nearshore health, Restoring wetlands and other habitats



Number of Stressors Above 0
-
1518
] 17-18
B 13- 20
-2

Number of Stressors Above Mean
[

Bl e-10
[ -2
[ 13-14
-2




Relationship with Economic Indicators?

GDP ($ millions) Tourism and Recreation
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