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Great Lakes Environmental Indicators Initiative

What indicators can effectively, efficiently, and
economically measure and monitor the condition of the
Great Lakes coastal region as well as point to causes of
Impairment?

Objectives
1. ldentification of potential and useful environmental indicators

2.  Comprehensive examination of relationships between stress and
responses to provide a diagnosis for causes of impairment

3. Recommend a suite of hierarchically-structured indicators that are
useful for making informed management decisions
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US Great Lakes Stressor Gradient
* large geographic extent (> 6500 km of coastline; > 750 wetlands)

* many important human disturbances — overlapping in space and
time
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Sampling Domain:
US side of the Great Lakes Basin,
762 segment-sheds
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Categorize GIS variables by type of human disturbance
and soils (accounting for natural variation in

landforms)
Categories n Variables
Agricultural / Ag. Chemical 21
Atmospheric Deposition 11
Land Cover 23
Human Population / Development 14
Point and Non-point Pollution 79
Shoreline Protection 6

: Soils 53

207 Danz et al., (2005)

Env. Monit. Assess.
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Lake Erie watershed areas
derived from ArcHydro
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Presenter
Presentation Notes
Here is Ag use for Lake Erie based on relative condition


Lake Erie Habitat Zones
http://lwww.glc.org/eriehabitat/

Lake Erie Habitat Zones

Terrestrial watersheds
Il Open-Lake Offshore ( > 15 meters)
[ Nearshore (3 - 15 meters)
I Coastal Margin (Depth < 3 meters)
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Nutrient concentrations in Great Lakes

coastal wetlands
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Presentation Notes
Changes in the land use pattern (physical integrity?) are correlated with changes in concentrations of chemicals of concern (chemical integrity). These data are from John Morrice, Duluth EPA MED, who collaborated with GLEI. 


Axis of Anthropogenic Stress:

an anthropogenic stress model
for identifying reference conditions

Reference

Objective:

ldentify habitats with

minimum anthropogenic
pressure values across
multiple stress axes

Host et al. IJRS 2006
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Presentation Notes
So for each wetland we had five numbers, one representing each anthropogenic stress type. Here I’ve only shown three of these anthropogenic pressure axes for simplicity. The idea is that the sites with the least stress, at the top of the triangle, fit our definition of least disturbed, with the most disturbed sites being those with the most stress along each pressure axis. YOU GET A LAUGH IF YOU CALL THIS THE “AXES OF EVIL”.


Integrating across stressors:
Calculating “MaxRel” & “SumRel”

MaxRel = Max(Agriculture, Residential, Population,
Roads, NPDES)

SumRel = Sum(Agriculture, Residential, Population,
Roads, NPDES)

Watershed Scaled Value Score for

Summary Pixel/Polygon

Ag 125 0.352 0.352

Res 96 0.254

Pop 306 0.156 Variables are transformed,
normalized and scaled

NPDES 5159 0.089




®

Reference / Degraded Ecosystems

.............. Reference

Response var

Fish IBI Score

Point Source Density

Degraded

Ciborowski, et al., in Prep.
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Presentation Notes
Once the pressure axes are defined and the relationships of each to biological condition are determined, these can be mapped onto the pressure pyramid to determine where the transitions between reference, degraded, and the zone of uncertainty lie for a population of sites.

This approach sets the bounds for excellence at the point at which everyone agrees that condition is excellent; same for the degraded end, and acknowledges that there is variation within this gray area.  

It may be possible with further refinement and additional data to take this approach further to pARSE out this middle area where there is currently too much uncertainty or variation in conditions for assessment purposes.

The GLEI project is still in development, but this is the sort of analyses and disturbance characterization that could be used in other regions to help conceptualize and quantify the impacts of multiple stressors that overlap in space and time. 




I\%rrative Model: The HDG

Biological Response (BCG)
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Presentation Notes
The HDG is a parallel model to the biological condition tiers, 



it describes 6 narrative disturbance tiers that span from natural conditions to extensively altered watersheds
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Detailed ArcHydro Delineations

Saint Louis
River
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The ArcHydro approach


Accumulated stressor scores based
on next-down ID

Accumulated Sum-Rel
_ | 0.019 - 0.557

| | 0.557-0.953

| | 0.953-1.186
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Stressor scores (SumRel)
for watersheds

» Composite score
based on cumulative
scores for:

o

% Agricultural land
use

- Population density
- Road density
> Point source density




Maumee River, Ohio
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Grand River, Ontario
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Presentation Notes
You can see the spike in SumRel near Kitchner Ontario and further down by Brantford, Ontario


Fish species tolerances with respect to Agricultural Stressor

Eastern Longnose Sucker -
Lake Chub- :
Burbot _
Blackchin Shiner -
Mottled Sculpin-
Eurasian Ruffe-
Ninespine Stickleback
Eastern Slimy Sculpin
Black Bullhead
Troutperch
Tadpole Madtom
White Sucker
Northern Pike
Northern Mimic Shiner
Sand Shiner
Common Shiner
Smallmouth Bass
Northern Rock Bass
Johnny Darter
Bluntnose Minnow
Longnose Dace
Walleye _
Brook Stickleback

Logperch e optimum

Blacknose Shiner
Black Crappie tolerance

Pumpkinseed Sunfish

European Car

Yellow Perc
Bowfin

Yellow Bullhead
Bluegill Sunfish
Largemouth Bass
Fathead Minnow
Central Mudminnow
Spottail Shiner

Brown Bullhead
White Crappie A

Round Goby

Spotfin Shiner
Northern Longnose Gar
Green Sunfish

White bass y
Freshwater Drum
Goldfish -
White Perch T
Gizzard Shad 1
Alewife ]

Emerald Shiner
Channel Catfish




Fish IBIl Correlations with Pressures

Wetland Type

Scirpus

GLE| Land Pressure Typha
O Agriculture 0.02
0 Land cover: Forest loss -0.38
0 Population/development -0.70
0 Point source discharge -0.09
O Atmospheric deposition 0.60
0 Shoreline modification -0.24

-0.64
0.15
-0.21
-0.57
0.04
-0.13

Bhagat et al. (in review)
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So, their Uzarski et al.’s Scirpus sites were plotted along with the GLEI Scirpus sites IBI scores and what we found was that Uzarski et al’s sites, although varied in the levels if agricultural stress, there wasn’t as strong a variation as with the GLEI sites that did indeed span the stress gradient. 


Predicting Loading: Data Needs

High resolution watershed delineations
- 10 m DEM

Surficial geology / SURGO Soils
Updated land use and land cover

- Nearshore habitat

- Wetland classification

> Tile drainage

Cross—-walked classifications for US, CA

Contemporary (and future) climate data in an
accessible form.
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