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Executive Summary:

We propose to define the role of zebra and quagga mussels in regulating phytoplankton composition, toxic Microcystis blooms, and nutrient concentrations across trophic gradients with emphasis on understanding Lake Erie by measuring selective filtration and nutrient excretion in the lab, Lake Erie, Saginaw Bay and experimental mesocosms in a small inland lake and in Lake Erie.  The proposed experiments are part of GLERL’s required contribution to a larger funded NSF-EPA-NOAA ECOHAB proposal to MSU and GLERL (O. Sarnelle, PI) to understand HAB-mussel interactions across trophic gradients as well as base-funded efforts of Vanderploeg and an NRC postdoc, who has worked on mussel-HAB interactions in hypereutrophic lakes in the Netherlands, to understand implications of homeostatic filtering and nutrient excretion on HABs and nutrient cycling.  We will carefully examine the assumption of Vanderploeg et al. (2001) that mussel feeding has selected for highly toxic strains of Microcystis that form large colonies, as well as corollary hypothesis that mussel contact or infochemicals released by the mussels induce large highly toxic colonies.  In addition, by working in the Maumee Bay region of Lake Erie we will be working in the epicenter of bloom formation (Fig. 1).  In addition, we may be able to gain insight into one of the hypotheses of the nearshore-shunt paradigm (Hecky et al. 2004) that argues that mussels may be able to increase the availability of P to the Great Lakes by releasing bound P in the allochthanous tributary (Maumee River) loads.  The specific focus will be a predictive model that describes selective filtering rate, selective pseudofeces and feces production, nutrient assimilation and excretion, and promotion of toxic Microcystis blooms for varying conditions of nutrient concentration, seston quality and concentration.  These experiments done across nutrient gradients will be an important component of the larger MSU/GLERL ECOHAB project that includes experimental manipulations in mesocosms.   We believe our experiments will not only provide the mechanistic underpinnings to explain changes in the mesocosms and Lake Erie, but also directly lead to a mechanistic model selective filtration and nutrient excretion that will be important to predicting mussel impacts across trophic gradients. 

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 (e.g. Vanderploeg et al. 2001)—at different sites in Saginaw Bay, Lake Erie, and experimental mesocosms in Gull Lake, a zebra mussel infested lake at the MSU Biological Station and in Lake Erie.  Particular emphasis will be placed on the Maumee region of Lake Erie.  This effort builds on the already strong foundation of interaction of the GLERL mussel team (Vanderploeg, Liebig, Morehead, Robinson) with MSU experimenters (Sarnelle, Hamilton, Rose, Peacor) in the funded NSF-EPA-NOAA proposal by the addition to the GLERL mussel team of Miguel Dionisio-Pires, an NRC postdoc who has done extensive work on interactions of mussels and HABs in the hypereutrophic (P-rich) lakes of the Netherlands.  Interestingly, in the Netherlands zebra mussels are used as a biomanipulation tool to improve water quality by increasing water clarity and suppressing HABs.  Miguel’s addition to the team will allow increased experimentation particularly controlled experiments with laboratory cultures grown under varying conditions of nutrient stress to evaluate the role of seston quality in regulation of filtering rate, nutrient absorption, and excretion. Our work plan for 2005 in broad outline is as follows.

We will measure mussel selective filtering rate and ingestion of different phytoplankton and nutrient (N and P) excretion and assimilation in mesocosms in Gull Lake at time of set up of mesocosms and at end to determine effect of mussel grazing on promotion of toxic Microcystis and role of mussels in altering nutrient availability.  (Note a single filtering and nutrient excretion experiment represents an intense 2-d effort of three team members working side-by-side with little time for breaks). We will do same experiments using lake water in Lake Erie along a trophic gradient (west to east) in the western basin of Lake Erie (2 or 3 sites).  (Should we find the nutrient gradient does not include low nutrient conditions we will switch one of the sites to Saginaw Bay, a large low-nutrient bay of Lake Huron that routinely gets toxic Microcystis blooms.)

We will collect samples to monitor spatial distributions of nutrients (soluble and particulate, including seston C:N:P ratios), physical variables (e.g. light, temperature, and suspended solids), chlorophyll, phytoplankton composition, and microcystin (toxin concentration) at multiple sites (we anticipate 3 master sites, and 9 additional sites) throughout the western basin to capture areas of high nutrient input in the southwest (Maumee R.), low nutrient input in the north (Detroit R.), and the mixing region in the east near Gibraltar Island, where we will do the Lake Erie mesocosm studies in 2007. There will be 4 major 2-day cruises from mid July-mid September to capture possible bloom outbreaks.  Station locations and timing of cruises will be influenced by what satellite imagery shows is going on.  There will 4 1-day cruises that will focus exclusively on getting live mussels and water for experiments the feeding and nutrient excretion experiments. Experiments for mussels collected in the western part of the western basin will be conducted at GLERL, which is a short drive from western Lake Erie.  It is likely that experiments using mussels and water collected in the east near Gibraltar Island will be conducted at the Stone Laboratory of Ohio State University.  It is likely that we will also do a pilot experiment in the Maumee region in late winter-spring to see how mussels handle the heavy tributary loads of particulate nutrients at this time.

In the fall and winter we do experiments with laboratory cultures of Microcystis, including isolates from Gull Lake and the Great Lakes, the Netherlands and other algal species to explore under controlled conditions factors affecting selective filtering and nutrient excretion and assimilation.  The experiments with Microcystis will focus on importance of strain type on palatability to the mussels and exploring the possibility that toxin production is inducible by mussel contact or infochemicals.  This research will be greatly improved by the MSU team’s efforts to characterize the toxins and their interest in genetics of Microcystis.  The role of food quality will be examined by using green algae whose P content, fatty acid profiles, and digestibility can be manipulated by controlling nutrient concentrations in laboratory cultures.

Scientific rationale: 

Experimental work at GLERL (Vanderploeg et al. 2001) has shown that it is likely that zebra mussels promoted Microcystis aeruginosa blooms in Saginaw Bay and Lake Erie through the mechanism of selective rejection during the filtration and pseudofeces production process.  In addition this same work showed that the rejection process was strain specific.  The mussels readily ingested strains known to be lethal to zooplankton that we obtained from culture collections, while a strain isolated from Lake Erie was rejected if presented as large colonies (as normally seen in Lake Erie) in the presence of other algae. If colonies were small, the mussels were not able to sort out Microcystis from other algae, and the mussels shut down filtering.  Naturally occurring colonies of Microcystis from both Saginaw Bay and Lake Erie were rejected.  This raises the possibility there was a selection for particular strain that was toxic to the mussels and occurred as large colonies.  A corollary question is whether mussels can induce large toxic strains through production of infochemicals as has been shown for some zooplankton (Jang et al. 2003).  Paradoxically, promotion of Microcystis appears to be related to trophic status of the lake. In inland Michigan lakes invaded by zebra mussels, only lakes of low total phosphorus (TP) concentrations saw an increase in Microcystis (Raikow et al. 2004).  In experimental mesocosms, Microcystis increase was seen in mesocosms with mussels and moderate levels of added P (Sarnelle, personal communication). In hypereutrophic lakes in the Netherlands, zebra mussels are used to improve water quality and readily filter toxic Microcystis (Dionisio Pires et al. submitted). Thus, there is an interaction between toxic bloom promotion and nutrient status.  Part of this may be related to the viability of toxin production as predation escape mechanism at different conditions of nutrient availability.  Perhaps, as Vanderploeg et al. (2001, 2002) suggest the toxicity option is effective when algal growth rate is low, which would be expected at low P concentrations.  Perhaps infochemicals are more effective in less eutrophic settings.

Mussel nutrient excretion must be considered as part of the bloom promotion story because N:P ratios can affect algal composition and mussels themselves alter N:P ratios and P and N cycling (Vanderploeg et al. 2002).  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 2003, 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.  Preliminary results of work done this summer in the Maumee region under the aegis of the Fahnenstiel’s GLERL ECOHAB project suggests that zebra and quagga mussels do indeed handle high concentrations of seston in different ways: zebra mussels tended to be more intense filtrators that produced copious feces, while the less intense quaggas produced more feces.  Therefore, it is likely species differences need to be taken into account in understanding particle handling and nutrient excretion.  We are now doing sample and data analyses from these experiments to examine how mussels affected phytoplankton, chlorophyll (size-fractioned), and mass balance of particulate P, N, and C as well as directly observing their behavior.  We have not before attempted the labor-intensive mass balance and will be looking at these results carefully to examine the limitations of our method before the field season starts.

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.  Another intriguing issue whether the western basin of Lake Erie is acting as a nearshore shunt (Hecky et al. 2004) whereby the dreissenid mussels are altering particle dynamics and nutrient cycling in the western and central basins by working over allochthanous materials and particulate nutrients loaded by the Maumee River to make the loaded P more available.  This also implies mussel filtering and nutrient excretion should be examined during periods of high tributary load during the spring.

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, especially in shallow regions of Great Lake such as Lake Erie.

Project linkages:  This work builds on the foundation of GLERL’s work on Saginaw Bay, the currently funded ECOHAB proposal 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 completed in 2004 will be very important for projecting the model developed in this project to basin-wide impacts.  This project will complement ongoing work of Fahanenstiel’s team on Microcystis growth kinetics and toxicity funded by NOAA Center of Excellence for Great Lakes and Human Health (CEGLHH).
Project timeline:

2005 and 2006—Lab experiments in winter and fall; Lake Erie monitoring and experiments in summer; Gull Lake experiments in summer.

2007—Lab experiments in winter; Lake Erie monitoring and mesocosm experiments in summer.

Manuscripts will be written as insights unfold.
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Figure 1.  Western Lake Erie as seen during a Microcystis bloom in August 2003 (courtesy of Tom Bridgeman).

