1. GLERL ECOHAB: An integrated multidisciplinary, multi-investigator approach

2. Principle Investigator: Gary Fahnenstiel

3. Co-Investigators:  George Leshkevich, Mike McCormick, Henry Vanderploeg, Hunter Carrick (PSU), Bopi  Biddunda (GVSU),  Dave Millie (USF), Pat Tester (NOAA-NOS), Rick Rediske (GVSU), Don Scavia (UM).  All at 10%.

4. Project Type: New

5. Project Category: A and B

6. Project Start Date: January 1  Project End Date:  December 31

7. Percent of effort in theme areas: AIS= 80%, EP = 20%

8. Executive Summary:  In the past decade, harmful algal blooms (HABs) have been increasing worldwide due to man's activities.  In response to these events, several research and management agencies have funded new initiatives to study the ecology of harmful algal blooms (ECOHAB).

Similarly, in the Great Lakes we have seen a resurgence of harmful algal blooms in the last decade. These events were surprising given the success of eutrophication controls.   These new HABs appeared to be related to the arrival of recently established non-indigenous species, particularly mussels of the genus Dreissena.   Toxic cyanobacteria, e.g, Microcystis,  have been most often associated with these new Great Lakes HABs,  and  these new HABS do not appear to be diminishing.  Large-scale persistent Microcystis blooms are an annual occurrence in Saginaw Bay, Lake Huron, and a somewhat less frequent occurrence in western Lake Erie.

We propose initiating a new multi-investigator integrated program at GLERL to study the ecology of harmful algal blooms in the Great Lakes.  These studies will initially focus on the Microcystis blooms in Saginaw Bay and western Lake Erie. It is our intention that this internal GLERL program will become a seed for the establishment of a significant externally funded program.

9. Proposed work: We propose to conduct a 1-2 week annual cruise on lakes Huron and Erie to study the ecology of the Microcystis blooms. This cruise will serve as a springboard for other research activities and as a way to monitor HABs in the Great Lakes. Specifically, the goals of this cruise will be to: 1) characterize the extent of HABs in Saginaw Bay and western Lake Erie, 2) determine the concentrations of cyanotoxins, 3) determine factors contributing to toxin production in the field,  4) determine the role of non-indigenous mussels in contributing to the HABs, 5) evaluate the usefulness of remote sensing in characterizing these HABs.  Additionally, and on a very small-scale we will continue on-going work to determine the growth rates of the red tide organism (Karenia brevis) in Florida, and determine the importance of benthic algae in Lake Huron.

The second part of the work plan is to determine the role of  dreissenid mussels as homeostatic filter feeders and nutrient excreters which has implications for nutrient cycling, seston quality, and toxic algal blooms in western Lake Erie and Saginaw Bay, Lake Huron

Published experimental work at GLERL has shown that it is likely that zebra promoted Microcystis blooms in Saginaw Bay and Lake Erie through the mechanism of selective rejection during the filtration process.  Unpublished work at GLERL has shown that zebra mussel filtering and subsequent nutrient excretion appears to be driven by seston quality in terms of algal composition and C:N:P ratios:  high filtration and P excretion were associated with cryptophytes and low N:P ratios.  It is likely that through homeostatic nutrient excretion, the mussels skewed N:P ratios of the seston they ingested such that they increased phosphorus availability when N:P ratios were low (as in Lake Erie) and decreased P availability when N:P seston rations were high (as in Saginaw Bay).  The ecosystem implication of homeostatic excretion is made much for P-rich (RNA-rich) zooplankton such as Daphnia.  Relative to dreissenids (also P-rich and presumably RNA-rich) Daphnia is a minor player because mussel biomass is often 20 to 50 times higher than that of Daphnia.  The post mussel invasion P decrease in Saginaw Bay and P increase in Lake Erie are consistent with the homeostatic mechanism.

These few experiments done in Saginaw Bay and near South Bass Island in Lake Erie need to be followed up by a systematic study of homeostatic selective filtering and nutrient excretion to be able to predict effects of the mussels.  Particularly intriguing for the cyanobacterial blooms as well as P increases in Lake Erie is how mussels process seston from major tributaries as the Maumee River, which are rich in sediments, seston, and nutrients.  It is in the Maumee River area of Lake Erie where cyanobacterial blooms originate.  Little work has been done on how zebra or quagga mussels would process such seston and nutrient rich water and its implications for the water column downstream.  One might imagine enormous production of pseudofeces or possibly reduction of filtration effort.  There are a lot of questions.  It is possible at least during part of the year, depending on mussel density, that they will improve food quality of the seston for other grazers by leaving behind rapidly growing species of high nutritional quality by cropping the slowly growing ones and by providing the survivors with P.  This scenario ultimately collapses sometime in summer or fall, when toxic cyanobacterial colonies are selectively rejected by the mussels, while other algae are ingested.

We propose to carefully examine homeostatic filtering and nutrient excretion and P absorption by dreissenids by using a variety of state of the art tools known to zooplankton and mussel researchers—including direct observation techniques developed at GLERL—at different sites in Saginaw Bay and Lake Erie.  Particular emphasis will be placed on the Maumee region of Lake Erie.  We expect this particle rich area will represent a challenge to any methods.  Preliminary work in 2004 will involve measurement of filtering, ingestion, of C, N, and P by the mussels as well as their excretion of ammonia and phosphate.  Nutrient conditions and C:N:P ratios of the seston and algal compostition need to be measured.  Absorption efficiency (using radioisotopes) of C and P will be done in later years.

I also believe that strain of the Microcystis is very important, and that toxicity and unpalatability are being selected for by the mussel selective rejection process.  In other words, the mussels are driving the toxicity show and we need to identify genetic strains.  Info chemicals of the mussels may be the triggers of toxicity rather than nutrient conditions.  Whether a genetic or phenotypic response we in a formal externally funded ECOHAB proposal need to address this issue.  If you’re interested, I have met the big guns in Microcystis genetics, and might convince them to work with us.

10.
Because this is a new project without any results, the executive summary is essentially the rationale.

11. Governmental/Societal relevance:  As pointed out in the executive summary, harmful algal blooms have been increasing worldwide and in the Great Lakes.  In the Great Lakes, these HABs have resulted in much publicity (see recent Congressional hearings ) because the dominant HAB species, Microcystis can produce virulent toxins that can effect the entire ecosystem including man.  It is therefore appropriate for GLERL to initiate an internal HABs program modeled after the larger national NOAA HABs programs.

12,.       Relevence to Ecosystem Forecasting:  The endpoint of this program is to have enough understanding of HABs in the Great Lakes to be able to develop predictive mechanistic models.   At this point we undertand how traditional algal blooms occur, but the role of non-indigenous mussels, and the factors controlling toxin production in situ are poorly understood.  Thus, the initial efforts of this program will be on factors  contributing to toxin production and the role on mussels in causing blooms.

13.        Project linkages:  This project will be linked to several projects within and          outside of GLERL.   The internal linkages include …..  . This GLERL project will be intimately linked with NOAA's HAB program and efforts at other NOAA labs, specifically NOAA- Beaufort and NOAA-Charleston.

14. Project Timeline:  Initiation of Project:  January 1 2004

Beginning of submission of external proposals Jan 2004

Field Work Begins:  July/August 2004

Analysis of data:  November 2004

Preparation of Publications:  March 2005

15. Total Budget Request: See Excel Spreadsheet

16. Support Staff request: Nancy Morehead (0.15), Jim Liebig (0.2)

17. Remaining funds:  None

18. Banked funds to be used:  None

19. External funds to be used: None to date

20. Projected ship time: 14 days on R/V Laurentian 

21. Special MIL Resources: none

22. Special Computer Resources: none

23. Other Specialized Resources: None

24. New Equipment Requested:   

HPLC upgrade 30K.  Our present HPLC system is over 10 years old, and our PDA (brain of system) is unserviceable.  Because this system is critical for our study, particularly pigment characterization and growth rates, we cannot continue without upgrading our existing system

Underwater spectroradiometer 50K. Our present underwater spectroradiometer is old and obsolete. In order to characterize the underwater light climate, and provide collaboration with on-going remote sensing activities, we need to have a modern underwater spectroradiometer.

PAM fluorometer/FRR fluorometer 20K.  Modern developments in oceanography  allow one to measure the photosynthetic rates of algae over short time periods, previously impossible with conventional incubation  techniques.  Moreover, photosynthetic rates as well as energy conversion can be measured more efficiently and thoroughly measured with these new fluorescence-based techniques.  This equipment is sorely needed at GLERL in order to provide modern oceanographic capabilities.

Will this project involve the use of radioactive/hazardous materials? Yes. C14 bicarbonate, P33- phosphorus, and H3-leucine will be used as radiotracers aboard the R/V Laurentian.

Will this project generate hazardous waste.  Yes. We do not have included money in this project for disposal.
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