Dreissenid mussels as homeostatic filter feeders and nutrient excreters: Implications for nutrient cycling, seston concentration and quality, and toxic algal blooms in western Lake Erie 

Principal Investigator:  Hank Vanderploeg (10%)

Co-principal Investigator:  NRC postdoc (100%), Tom Johengen (consultant), GLERL “ECOHAB” participants, and outside investigators to be determined.

Project type:  New

Project category:  A and B

Percent effort in theme area: EP—80%; NIS—20%

Executive Summary:

We propose to define the role of zebra and quagga mussels in regulating nutrient concentrations, phytoplankton composition, suspended sediments, and light climate in western Lake Erie.  The specific focus will be a predictive model that describes selective filtering rate, selective pseudofeces and feces production, and nutrient assimilation and excretion for varying conditions of seston quality and concentration.  Without such a model, impacts of dreissenid mussels cannot be predicted.  This model will be general enough to apply to all Great Lakes.

Proposed work:

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 used by zooplankton and mussel researchers—including 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.  Therefore preliminary work in the summer of 2004 will focus on this area, and this work or part of it will be done under the aegis of the GLERL’s internal “ECOHAB” effort.  However, the question is much larger than the question for HABs and covers all seasons. For example, there are questions as to whether zebra mussels and quagga mussels have different abilities to handle seston of different quality and toxicity and how they might excrete nutrients to affect the balance of nutrients in western Lake Erie.  Because of the scope of this project and its importance for modeling dreissenid impacts during all seasons, I suggest a comprehensive study is required, and serious support in the form of an NRC postdoc (or other scientific support) is required.

Scientific rationale: 

Published experimental work at GLERL (Vanderploeg et al. 2001) 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 and pseudofeces production 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 the mechanism of 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) (Vanderploeg et al.2002).  Much importance is attached to possible ecosystem implications of homeostatic excretion by P-rich (RNA-rich) zooplankton such as Daphnia in the ecological literature.  Relative to dreissenids (also P-rich and presumably RNA-rich), Daphnia is a minor player because mussel biomass is typically 20 to 50 times higher than that of all zooplankton combined (Vanderploeg et al. 2002), thus homeostatic excretion has tremendous implications to management of water quality and fisheries.

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 appeared to have originated.  During this last year, a major Microcystis (producer of a class of potent heptotoxins called microcystins) bloom occurred in August and later there was a bloom of Aphanizomenon (a possible producer of potent neurotoxins such as anatoxin a). Little work has been done on how zebra or quagga mussels would process such seston and nutrient rich water and its implications for suspended sediments, phytoplankton, and nutrients in the water column downstream of the mussels.  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 more quickly than they can grow and by providing the survivors with P.  This scenario may ultimately collapse sometime in summer or fall when mussels selectively reject toxic cyanobacterial colonies while ingesting other algae. 

Government/Societal Relevance:  To explain the changes in nutrient conditions, seston quantity and quality, and harmful algal blooms (HABs) related to dreissenid mussels, it is necessary to predict how mussels process seston and associated nutrients and promote HABs.

Relevance to ecological forecasting:  No serious models of food web dynamics, water quality, fisheries recruitment, or HABs can be developed until we have a reasonable model of how mussels process seston and excrete nutrients.

Project linkages:  This work builds on the foundation of GLERL’s work on Saginaw Bay and is critical for any project concerned with water quality or food web dynamics in western Lake Erie.  The GLERL internal project on mussel biomass in western Lake Erie will be very important for projecting the model developed in this project to basin-wide impacts.  This project will complement ongoing GLERL’s internal “ECOHAB” effort.

Project timeline: Initial studies, summer 2004, ramping up to at least one more field season.

Budget: An NRC postdoc is requested.

REQUESTED DISCRETIONARY FUNDS: NRC postdoc plus $8,000

BANKED FUNDS: $0

EXTERNAL FUNDS TO BE USED ON THIS PROJECT:  To be applied for.

SHIP SUPPORT:  In the project and in GLERL “ECOHAB”, I will be requesting small vessel support.

SUPPLIES: $2K in addition to GLERL ECOHAB

CONTRACTS (For algal counting and toxin analyses): $5K

FIELD TRAVEL: $1,000.  It is likely we will be working with others at locations such as the University of Toledo’s Lake Erie Center and perhaps Ohio State University’s Stone Lab.

PERSONNEL:  NRC postdoc described above, plus all GLERL personnel as requested for GLERL ECOHAB project will be required for this project.
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