
Finding Signals of Landscape in Coastal Ecosystems

Jack Kelly, Peder Yurista, 
Sam Miller, Greg Peterson, 
John Morrice, Anne Cotter, 
Jill Scharold, Mike Sierszen,
Corlis West, Mike Knuth, Tim Corry
and significant others

US EPA
Office of Research and Development
Mid-Continent Ecology Division
Duluth MN

Coastal



For Lakewide
Assessment

As Landscape 
Sentinel

Coastal

Nearshore Offshore



“Agriculture” metric (Ag-Chem Stressor) derived from 21 variables 
including fertilizer use, nutrient and cation loss, and soil erosion

Higher score indicates higher nutrient export potential

Danz et al. (2007), Environ. Manage. 39
Great Lakes Environmental Indicators (GLEI) Project

Characterization of watersheds to establish landscape gradients
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Through Studies Across Great Lakes Landscape Gradients …

Water quality-borne landscape 
signals appear generally strongest in 
tributaries and coastal wetlands and 
become weaker moving into the lake.  

…We can document a continuum in the “downstream 
expression” of landscape disturbance. 



Landscape signal across coastal aquatic ecosystems

Landscape disturbance gradient
(e.g., Agriculture metric, or other multivariate metric)

Open coast 
(Nearshore)

Coastal wetlands

Embayments 

Tributaries

Log 
(Nutrient

Concentration)
[or other 

WQ measure]

Patterns moving “downstream”
Decreasing Signal Strength, as well as Slope of Enrichment
Decreasing Fidelity (More Variability, Often Weaker Correlation)



Is this downstream pattern just dilution? 
Do constituents follow chloride?…Conservative mixing plots 

Weighted averages by system 
(n=12, across Great lakes landscape gradient)
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Through Studies Across Great Lakes Landscape Gradients …

One can formulate simple 
empirical

landscape — embayment 
loading models. 

…A further brief exploration of landscape and embayments



Manipulating the landscape metric, a TP loading model

TP(low ratio) = 9.2e0.15(AC1)

R2 = 0.70, N= 12, Pr <0.001

TP(high ratio) = 34.5e0.18(AC1)

R2 = 0.80, N = 5, Pr <0.05
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Through Studies Across Great Lakes Landscape Gradients …

A new generation of nearshore 
sampling tools, capable of resolving 
some landscape linkages and at 
different scales.

…Some powerful integrative and/or high-resolution sampling tools 
confirm landscape loading signals and responses over the inherent noise 

and variability in the nearshore.



Water Sensors:  CTD, Transmissometer, Fluorometer, 
[Laser] Optical Plankton Counter (LOPC).   (Others available)

Sediment Sensor:  Acoustic seabed classification (QTC)
Also studies w/ USGS/UMD using Acoustics for Fish Stock Assessments

High-resolution, semi-synoptic tools



Result is semi-synoptic, spatially-referenced data to characterize: 
Water properties (including biology) 
Bathymetry and sediment character

Typically sample at 4-5 kts, to ~100 km per day



Styles of sampling
for nearshore and embayments?

We have tried a few;  we really like one.



Grand Marais MN Gratiot River MI

Duluth/Superior Bayfield WI Ontonagon MI

Yurista and Kelly (2007)
State of Lake Superior,
Munawar and Heath 

(eds.)

537-km transect in 
Lake Superior

(2004)

Presenter
Presentation Notes
Data at multiple scales of observation.  537 km of Lake Superior nearshore (~66 hours of towing time).  These contours have the greatest level of detail and were developed with standard geo-spatial Krigging techniques.  Krigging produces a regular grid of point estimates (best linear unbiased estimator B.L.U.E.) from irregularly spaced data.  This is probably the most unprecedented look at nearshore waters in Lake Superior (or Great Lakes).  Nearly one half million records are used and reduced to approximately 48,000 points on a grid of 0.25km distance by 0.5m depth intervals.  Describe format.  The spatial structure of the data is clearly variable both longitudinally and vertically.  You will notice the change in temperature profiles, specific conductivity (dissolved ions, available minerals), water clarity (%transmittance), fluorescence, and zooplankton biomass.  The major features observed in these figures are the influence from the St. Louis River, red clay banks of the south shore (Glacial Lake Superior deposits), and the Ontonagon River.  With in situ sensors we have a detailed picture of the nearshore waters (goal 1&2)



537-km  Continuous Shoreline Track Along Lake Superior

Fluoresecence, phytoplankton

LOPC, zooplankton biomass
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● Data (0.25 km averages)
― Multivariate Predictive Model

Zooplankton = f (4 landscape stressors), R2=0.73

Shoreline Segment

Yurista and Kelly (2007), State of Lake Superior, Munawar and Heath (eds.)



SpCond = f(AC, AD, SL, SO)

r2=0.67

Fluor = f(AC, PD, SO)

r2=0.43

%Trans = f(AC, LC, AD)

r2=0.61

Zoop = f(AC, AD, SL, SO)

r2=0.73

Spectacular and encouraging results… 
Do we now have a tool with synoptic power to 
read the signals as expression of landscape influence?

Presenter
Presentation Notes
To coincide with each segment score we averaged each water parameter across the length of every shoreline segment.  We have reduce the detail in the original half a million data points to about 160.  B: The regressions were remarkably strong, and provide correlation to landuse at a scale not previously demonstrated for the Great Lakes. (goal 4)



2007 
US nearshore tow 
track at 20 m contour

Nearshore cross- 
contour tows at 
watershed tributaries 
(yellow), chosen to be 
of varying tributary 
strength and have 
landscape gradient in 
CSI (Danz et al. 2007)

Lake Huron



Lake Ontario will be sampled in 2008
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Concluding Thoughts

Water quality and plankton indicators, 

Linkages across aquatic systems,

Landscape indicators/loading models,

Sampling tools to overcome variability
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