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Today’s Great Lakes ecosystem is very different than
In 1970s and early 1980s

= Dreissenids and other invasive species

=Change in both pelagic and benthic trophic structure and
energy flow

= Re-occurrence of harmful Microcystis blooms in bays,
nearshore areas, and river plumes

= Return of nearshore benthic nuisance algae - Cladophora
—— = Persistence of hypoxia problems in Lake Erie central basin
= Precipitous declines of Diporeia in all lakes; -

" - “Desertification” (loss of productivity) of offshore pelagic _
—— waters, particularly Lake Huron, Lake Michigan, and -
— Ontario;

=Dangerously low forage fish base in Lake Huron, Lake
Michigan, Lake Ontario o

=Enormous recent increases in water clarity in offshore
waters of Great Lakes

- =Extreme decreases in zooplankton in Lake Huron and
- Michigan that would support forage fish.
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Today’s Great Lakes ecosystem is very different than
In 1970s and early 1980s (cont.)

= Stable and relatively high populations of invasive
predatory cladocerans that have the potential to keep
zooplankton populations during summer and benefit from
water clarity

= Increased importance of non-point sources of nutrients
relative to point sources

= Hydrologic and physical transport, trophic transfer,
biogeochemical process alterations due to climate change

= iIncreases in the frequencies of beach closings; and

= botulism toxicity events re-emerging in the late 1990s
and early 2000s for the first time in the Great Lakes since
1963-64
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|lJC Nearshore Issues

m Overall Nearshore Framework

m Eutrophication

- nuisance and hazardous algal blooms in nearshore
zones

m Beach Closures and Postings

m PTS In nearshore of the Great Lakes

- Fish Consumption by at-risk populations along coastal
zones

- Chemicals of Emerging Concern - major source of
chemicals such as PPCPs is WWTPs discharging into
tributaries and nearshore zones

B Aquatic Invasive Species
- Alter ecosystem structure and function
- Affect beneficial uses of coastal zones




We need to refine models to understanding and
help manage the changed Great Lakes ecosystem.

m Models provide
Insight and make
projections

B Research provides
Understanding and
parameterization for
Model Development

B Monitoring provides
Input and credibility
for Models
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Two points here:

Modeling, done correctly, is not done in a data vacuum; improving models cannot be done without collecting new data (monitoring and research).

Conventional wisdom is that modeling is expensive. This is may be true but: 1) the major  expense is in the data collection and research support, not in the computer code development and application; and 2) the cost of modeling is generally insignificant compared to the cost of implementing a regulatory or remediation program. Generally much cheaper to model than to guess!


Benefits of Whole System Process Models

B Models provide a means of synthesizing available
system data and knowledge in a given problem

¥ domain e
e - Quantify the state of a system and explain how it - T
a8 functions )

- ldentify data/knowledge gaps and help design
monitoring and research programs
= m Models provide a means of quantifying the
&2 relationship between key forcing functions (e.g.,
loads) and ecosystem responses of concern
- Compare and evaluate management options
- Quantify and assess outcomes of management actions

- forecast the impact of extreme events for which
there is no actual experience




Converting Data to a Decision

Decision

Knowledge and o
Understanding

Increasing Utility

Information Q8

/ e\'\@ Increasing Resource and

Data @06 Knowledge Requirements
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Data – environmental observations collected in field

Information – models operate on data to provide a coherent (fill in space and time gaps) representation of cause-effect (fill in processes) relationships, thus quantifying system response to external forcing (stressors)

Knowledge and understanding – allows user to interpret and make sense of the information

Decision – application of analysis to address questions being asked and forecast future response to alternative decisions/management scenarios.



In essence, this is a sophisticated Decision Support System.

Analysis and visualization, and synthesis and forecasting are additional steps beyond modeling.

There are feedbacks and externalities to complicate this idealization.

Each step is another form of modeling – so modeling has everything to do with the effective use of environmental observation data.



	Increasing utility (e.g., sustainability decisions) requires increasing resources and knowledge/theory base.




Modeling Analysis of Nearshore Problems
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- Hypothesis for Nearshore -

Offshore Paradox (DePinto)

m Increase in loading of bioavailable P from non-
point sources
- Heidelberg data for Lake Erie tributaries

m Much of this P is being effectively “trapped’ in
the nearshore

- By dreissenid filtration of phytoplankton and other
particulate P

- By Cladophora, which are re-occurring because of
dreissenid induced water clarity and higher
bioavailable P levels in nearshore

m Nearshore P trapping is leading to a reduced
transport of P to offshore, which leads to a
reduced offshore production and associated
carrying capacity
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Let me explain my hypothesis of the cause-effect relationships driving the current observations in the lakes today. First, the observations I refer to are: return of major Cladophora blooms (nuisance algal blooms) to virtually all of the lake shorelines, except perhaps Lake Superior; a return of Microcystis (a blue-green HAB) blooms to major embayments (Saginaw Bay, Green Bay, western basin and its embayments, nearshore Lake Ontario embayments); ; a simultaneous virtual “desertification” of open-water in Lake Michigan, Lake Huron, Lake Ontario, eastern basin of Lake Erie (really low chlorophyll values and, at least in the case of Lake Huron and Lake Ontario, TP values that are well below what the old models said they should be given the loads; and the precipitous decline of Diporeia, a very important food web component.  Per John’s last email we could also add the increase in beach closures and botulism events to this list.  So, what is going on here.  Well, at this point all we can do is hypothesize, since we have precious little coordinated nearshore monitoring data on which to build a solid management recommendation.  Anyway, it seems to me that all of these observations are consistent with a hypothesis that there may be an increase in the loading of bioavailable P to the lakes from non-point sources (this has been observed for many of the Ohio Lake Erie tributaries by the Heidelberg College Water Quality Lab – really good data on tributary loads) as a result of changes in land use activities.  This may be happening without a significant or at least detectable increase in total phosphorus load.  Much of this P is now being effectively “trapped” in the nearshore by efficient filtration of phytoplankton by Dreissenids and, with an increase in light availability because of Dreissenid-induced increase in nearshore water clarity, by Cladophora.  Because of this increase in the trapping efficiency of Phosphorus in the nearshore, the open water (offshore) is actually getting a reduced input of phosphorus and therefore a reduction in primary production, the base of the food chain.  I am sure it is more complicated than this and there are certainly lake-specific variations.  For example, I would suspect the phosphorus-chlorophyll decoupling that we see because of Dreissenids is occurring throughout Lake Erie because of quaggas taking over the whole lake; that would explain why Lake Erie has consistently high phosphorus levels in the open water but chlorophyll is not responding as you might expect based on the phosphorus levels.  We have developed what I think is a pretty good hypothesis of why Microcystis blooms have returned to Saginaw Bay even though TP loads have not increased (see attached 2005 paper from Journal of Great Lakes Research); basically Dreissenid selective rejection of Microcystis as well as alteration of phosphorus cycling that provides a shot of bioavailable P to blue-greens at the end of summer when temperature are favorable to them.




Dreissenids are Effective Ecosystem Engineers
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Phosphorus Cycling in' Nearshore Ecosystem
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Chladophora Respond to Nearshore SRP
and Light Availability (auer, Higgins, et al.)
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Data Needs for Nearshore Eutrophication

Models

Wind
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Beach Source-Receptor Tracking Model Development

Developing 3D modeling system for
forecasting E. coli and Enterococci
along Great Lakes coasts - pilot study
at Burns Ditch, IN on Lake Michigan

_ake Michigan Model Grids
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(Source: David Schwab, GLERL)

Burns Ditch nested model grid
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POM has 2 Km grid; Burns Ditch model has 100 m grid.


Simulations for Two Different Wind Conditions
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Sources of Fecal Coliform to Monitor for

Beach Forecasting Models

m Birds and Wildlife
- Gulls produce 3.4E08 E. coli / gm feces

B Sewage discharges/CSOs
ey - Raw sewage contains ~2.5e6 CFU/100 ml

m Storm sewer outfalls
m Agriculture and urban runoff
m Nearshore benthic algae

T

B Beach sand can serve as a repository for
pathogens
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We have the pieces; we just have to put them together.


Nearshore Shunt Hypothesis
(Hecky, et. al., CJFAS (2004)
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