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a) Physical Environment Prediction  
_0_%

b) Ecological Prediction


 50 %

c) Aquatic Invasive Species 


 25 %

d) Great Lakes Observing Systems 

 15 %

8.  Executive summary of rationale:

A prominent feature of Lake Erie’s central basin is the hypolimnetic area of severe hypoxia/anoxia (aka the “dead zone”) that recurs annually during late summer.  Although the size of the dead zone declined with reduced phosphorus inputs during the mid-1980s, current levels of oxygen depletion are on par with those observed during the preceding period of severe cultural eutrophication, which is of concern to both Lake Erie resource management agencies and user groups.  At present, several GLERL scientists have proposed to explore the physical and biological factors that regulate the timing, magnitude, and duration of low oxygen events in Lake Erie (i.e., submitted NOAA COP proposal).  However, minimal effort will be put forth toward understanding the impacts, if any, the dead zone can have on biological components of the ecosystem, especially higher trophic levels.  Herein, we propose to use a combination of sophisticated sampling technologies (fish acoustics; towed plankton survey system with numerous sensors, PSS), in combination with traditional sampling (plankton net/pump sampling; benthic Ponar sampling; bottom and mid-water trawling; gill-netting), to explore whether reduced oxygen availability influences 1) the growth and production of the major benthic macroinvertebrate groups, 2) the normal diel-migration pattern of zooplankton and fish, and 3) the recent nutritional status of representative zooplankton, benthic macroinvertebrates, and fish, and 3) the feeding and potential growth response of ecologically and economically important planktivores (e.g., rainbow smelt), benthivores (e.g., lake whitefish, round gobies) and piscivores (e.g., walleye, burbot).  With the help of Patrick Kocovsky (USGS-Lake Erie station), we also will explore how fish community structure (i.e., species richness/diversity, species composition/abundance) varies with oxygen availability in the central basin, and explore round goby foraging on dreissenid mussels in the “dead zone” region.  Further, the data collected herein will be used to explore whether the dead zone allows Bythotrephes to persist in such high numbers in central Lake Erie by providing a refuge from planktivorous fish predation.  We also are proposing to collect biological, physical, and chemical information from both the west and east basins of Lake Erie, which will provide a nice contrast to our central basin work, given that oxygen levels typically do not become hypoxic in those basins.  In addition to meshing nicely with other GLERL efforts in central Lake Erie (e.g., proposed NOAA COP project, continued development of the central basin buoyed observing system), our findings will serve as the basis of future proposals (internal and external) aimed at delineating linkages between oxygen availability and higher trophic level production and community structure in Lake Erie.  Certainly, this knowledge would be invaluable to future ecological forecasting efforts.   

9.   Proposed work (specific activities for this year)

1)  Sample monthly during May through October 2005, both physical (temperature, oxygen, turbidity, PAR, total and soluble-reactive phosphorus) and biological (chlorophyll, benthic macroinvertebrates, zooplankton, fish) attributes, along two transects in the central basin: one in which the hypolimnion remains well oxygenated year-round (> 4 mg/l; control region in the eastern portion of the central basin) and one in which the hypolimnion becomes seasonally hypoxic/anoxic during summer/early fall (< 2 mg/l; treatment region in the western portion of the central basin).  Similar physical and biological information would be collected along a single transect in both the west and east basins during these months.  Collaborators will describe the structure of the phytoplankton, microzooplankton and microbial communities in these regions.  

 
Sample with the acoustics, PSS, and traditional sampling techniques on a diel basis (i.e., sample every 4 h for 24 h) at one location along both central basin transects during June (pre-hypoxia), August (during a low-oxygen event), and October (post-hypoxia) to characterize the vertical migration behavior and species composition of benthic macroinvertebrates, zooplankton, and fish before, during, and after a low oxygen event.  Again, we would hope that collaborators would describe the structure of the phytoplankton, microzooplankton, and microbial communities in these regions.  

2)  In parallel with the diel sampling, quantify diets, rations, and prey selection of planktivores (e.g., rainbow smelt), benthivores (e.g., lake whitefish, round goby) and piscivores (e.g., walleye, burbot) along both central basin transects to determine how feeding behavior (e.g., consumption, prey selectivity) changes with reduced oxygen availability.  Diets would be quantified at the same frequency (6 times per day) that diel samples are taken.

3)  Use bioenergetics-based, spatially-explicit modeling to quantify the potential growth response of, and help understand the distribution of, key fish species to reduced oxygen events.

4)  Compare RNA:DNA ratios between organisms (representative zooplankton, benthic macroinvertebrates and fish) collected in control and treatment regions, thereby evaluating the potential impacts of hypoxia on recent physiological condition of individual animals. 
5) Provide preliminary estimates of Bythotrephes predatory impact on the zooplankton community in across all basins of Lake Erie, and determine the influence of oxygen availability on Bythotrephes predatory impact.

6)  Determine the importance of predator-induced changes in prey habitat usage (i.e. fish-Bythotrephes, Bythotrephes-zooplankton prey), which likely affect spatial overlap of different species, species growth rates, and consequently food web interactions. Such induced effects are important to ascertain, because if important, they introduce nonlinearities that can strongly affect dynamics and structure (and hence parameters describing the induced effects are needed for models).  

7)  Use information from all basins to determine planktivore predation pressure on Bythotrephes to determine feedbacks between fishes and Bythotrephes, i.e., the role of fishes in regulating Bythotrephes abundance and impacts.

8)  Use contingency analyses to quantify how fish community structure (e.g., species richness/diversity, species composition/abundance) varies with oxygen availability in central Lake Erie.

10.   Scientific rationale: scientific rationale for the project.

Background:

Effects of reduced oxygen.  Of the numerous anthropogenic impairments experienced by aquatic ecosystems during this century, none has been more ubiquitous than eutrophication (Naiman et al. 1995, Carpenter et al. 1998).  One typical consequence of eutrophication is severe hypoxia (or even anoxia) in bottom sediments, owing to enhanced bacterial respiration.  Indeed, eutrophication-driven reductions in oxygen levels have been documented in freshwater, marine, and estuarine systems throughout the world (Caddy 1993, Diaz and Rosenberg 1995, Breitburg et al. 2001, Rabalais and Turner 2001), including the central basin of Lake Erie (Rosa and Burns 1987).

Reduced oxygen availability, in turn, can have dramatic effects on aquatic organisms.  Severe hypoxia or anoxia can reduce population size via direct mortality.  Although organisms that are not motile are most vulnerable to direct mortality, severely reduced oxygen also can cause acute mortality in highly mobile organisms such as fish (Coutant 1985, Wannamaker and Rice 2000, Breitburg et al. 2001).  In addition, reduced oxygen levels can indirectly influence mobile organisms by inhibiting their normal ability to feed, grow, reproduce, or avoid predators (Coutant 1985, Aku and Tonn 1997, Aku et al. 1997, 1999, Breitburg et al. 2001).  

Changes in the performance or behavior of individual species in response to anoxia can in turn lead to dramatic fluctuations in community composition and trophic interactions.  Indeed, shifts from assemblages comprised of species intolerant of low oxygen levels to those comprised of species tolerant of low oxygen levels have been documented for zooplankton and benthic macroinvertebrate communities in systems undergoing eutrophication (Carr and Hiltunen 1965, Patalas 1972, Lang and Reymond 1996, Verdonschot 1996, Marcus 2001, Wetzel et al. 2001).  Subsequently, shifts in lower trophic-level species composition can negatively influence higher trophic levels, including fish (Ketchum 1969, Tonn and Magnuson 1982, Nürnberg 1995).  In Lake Erie, for example, the loss of thermal (cool-water) habitat and important benthic macroinvertebrate prey species during the mid-1900s, owing to periodic anoxic events, was implicated in the population-level decline of several important fish species (Hartman 1972, Leach and Nepszy 1976, Laws 1981). 

Unfortunately, delineating how exactly reduced oxygen levels influence aquatic organisms can be difficult, owing to the numerous ways in which oxygen availability can directly and indirectly influence both physical and biological components of a system.  Clearly then, efforts to assess the effects of oxygen availability on an organism in situ will need to explore a suite of other habitat variables (e.g., temperature, prey species behavior/availability) in addition to oxygen availability.

A focus on central Lake Erie.  Lake Erie has historically experienced low-oxygen events, particularly in the deep waters of the central basin (Rosa and Burns 1987).  However, the extent of this dead zone increased during the mid-1900s, likely owing to excessive phosphorus inputs (Rosa and Burns 1987, Bertram 1993).  In turn, thermal and foraging habitat available to cool- and cold-water benthic fishes in the central basin likely declined during this time, which in turn, is thought to have contributed to the decline of several highly valued fishes (e.g., lake whitefish, burbot) in central Lake Erie by the 1960s (Hartman 1972, Leach and Nepszy 1976, Laws 1981).  More recently, several central basin fishes (e.g., lake whitefish, burbot, smallmouth bass) have begun to recover, which has been partly attributed to the implementation of phosphorus abatement programs during the early 1970s that enhanced bottom oxygen levels through the mid-1990s (Ludsin et al. 2001).  Since this time, however, large-scale low-oxygen events have occurred in central Lake Erie during late summer at levels comparable to those observed during the height of eutrophication (Murray Charlton, NWRI, unpub. data).  Because bottom oxygen levels during these events typically fall below 4 mg/l (e.g., Figure 1), which is a critical tolerance threshold for many freshwater fish species, it is conceivable that fish might once again be losing access to important thermal and foraging habitat.  In turn, the ability of fish to feed and grow might also be reduced.  To date, however, no previous study has attempted to document whether establishment of the dead zone in central Lake Erie actually modifies habitat use or availability to fish, or their ability to feed or grow.

[image: image1]Herein, we propose to explore the ecological effects of low oxygen events in central Lake Erie.  Using a combination of sophisticated sampling technologies (fish acoustics; towed plankton survey system with numerous sensors, PSS), in combination with traditional sampling (plankton net/pump sampling; benthic Ponar sampling; sediment traps; bottom and mid-water trawling; gill-netting), we will assess how oxygen availability influences 1) the distribution and composition of benthic macroinvertebrates, zooplankton, and fish on a diel basis, 2) the recent nutritional status (as indexed by RNA:DNA ratios) of representative zooplankton, benthic macroinvertebrates, and fish, and 3) the feeding and potential growth response of economically and commercially important planktivores (e.g., rainbow smelt), benthivores (e.g., lake whitefish, round goby) and piscivores (e.g., walleye, burbot).  
In addition, using information for all three Lake Erie basins, we will explore whether reduced oxygen (by providing a refuge from planktivorous fish predation) or just low abundance of planktivores allows Bythotrephes to persist in such high numbers in central Lake Erie.  Certainly, information on the vertical distribution and abundance of Bythotrephes and other crustacean zooplankton will be useful for estimating the predatory impact of Bythotrephes, allowing us to potentially assess how Bythotrephes affects  planktivorous fish and vice versa across all of Lake Erie’s basins.  In addition to meshing nicely with other GLERL efforts in central Lake Erie (e.g., proposed NOAA COP project, central basin buoyed observing system), and elsewhere (Chesapeake Bay research and proposed Gulf of Mexico research of Brandt and Ludsin), we would seek to use our findings to support future proposals (internal and external) aimed at delineating the linkage between oxygen availability and higher trophic level production and community structure in central Lake Erie.  

Methods:
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Field surveys will be conducted monthly (May through September 2005) in each of Lake Erie’s basins, with an emphasis on the central basin, wherein hypoxia typically occurs annually during late summer.  In both the west and east basin, we will sample a single nearshore-to-offshore transect (Figure 2).  By contrast, in the central basin, we will sample two nearshore-to-
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offshore transects, one in the west-central portion, which typically becomes hypoxic annually (< 2 mg/l), and one in the east-central portion which typically remains well-oxygenated (> 4 mg/l) in the hypolimnion year-round (Figure 2).  All transects will be sampled both during the daytime and nighttime, thus allowing us to explore vertical migration behavior of organisms, as well as potential diel changes in habitat conditions (e.g., dissolved oxygen, temperature, prey availability).  In choosing these central basin transects, we have selected areas that are similar in depth, which also would ideally be similar in thermal structure and species composition.  In this way, we seek to use the year-around, high-oxygen transect as a control (east-central transect), which we could contrast with our seasonal, low-oxygen area (west-central transect).  We estimate that it will take 24 hours to sample each of our four transects during each month.

Additional diel sampling will be conducted at the offshore endpoint of both central basin transects (Figure 2) during June (pre-hypoxia), August (during low-oxygen event), and October (post-hypoxia) to better define how oxygen availability influences 1) vertical migration and feeding behavior of zooplankton and fish, 2) spatial and temporal overlap of predators and prey, and 3) habitat quality for fish.  During each of these three periods, we will sample both central basin locations (~4 km transects) over a 24-h period (collections made every 4 hours), which will allow us to assess whether behavior (e.g., vertical migration, fish foraging) is influenced by oxygen availability.  Diel-sampling locations will be located nearby moorings in the central basin such that we have a continuous, real-time record of physical (e.g., temperature, dissolved oxygen, turbidity, currents) and biological (e.g., chlorophyll) data at our sampling station during May through October.   These diel collections will add an additional 2 d of field time during June, August, and October.

 Along each inshore-to-offshore transect, and at each diel-sampling transect, , we will use GLERL’s undulating Plankton Survey System (PSS: optical plankton counter, CTD, fluorometer, and PAR sensor)—with an oxygen sensor added for this project—to determine the fine-scale distribution of dissolved oxygen, temperature, total suspended sediments, light climate, chlorophyll a, and zooplankton.  Simultaneously, we will collect information on the vertical and horizontal distribution of pelagic fishes, using GLERL’s new BioSonics DT-X acoustics system.  In this way, we will generate a continuous record of physical (temperature, oxygen, light levels) and biological (zooplankton, forage fishes) variables that could be used to model (and map) the growth rate potential (GRP; see below) of several fishes.  The shipboard instrument CTD/fluorometer/oxygen sensor package will also be used for getting these measurements near the bottom.

 Simultaneous and subsequent to continuous collections with acoustics gear and the PSS, mid-water and bottom trawling (N = 2-4 tows per transect, for each gear and sampling period) will be conducted to collect pelagic fishes for gut content analysis, as well as to determine fish species composition.  These collections will be supplemented by the Ohio Department of Natural Resources (Kevin Kayle, Fairport Harbor, OH station), which has agreed to provide us with bottom trawl, temperature, and bottom oxygen information, as well as fish samples for diet analysis, collected in areas nearby our sampling locations (ODNR’s sampling occurs monthly during the last two weeks of May through September at ~ 40 stations).  Additionally, short-set gillnetting will be conducted in an effort to collect fish for diet and species composition analysis.  Finally, as we explain below, sampling of benthic macroinvertebrates, zooplankton, and physical variables will occur at the start and finish of each transect.  

At present, little is known about the central basin benthic macroinvertebrate community.  To characterize its response to reduced oxygen availability, Ponar sampling will be conducted at stations in the regions that go hypoxic or remain well-oxygenated during summer (n=3 stations in each region).  The major goal of this effort will be to quantify production of the major macroinvertebrate groups in central Lake Erie, and to examine how it varies spatially and temporally in response to changes in organic food inputs, oxygen availability, and temperature.  Two sediment traps will be placed in the central basin, one in the region that goes hypoxic and the other that remains oxic.  These traps will characterize the quantity/quality of organic material available to macroinvertebrates and define the relative roles of organic inputs and oxygen availability in affecting benthic production.  These data will provide insights into whether hypoxia indeed reduces availability of important macroinvertebrate prey for benthic feeding fishes (e.g., lake whitefish), as hypothesized by previous researchers (Hartman 1972, Leach and Nepszy 1976, Laws 1981).  

To quantify effects of oxygen availability on zooplankton community behavior (i.e., vertical migration) and composition, we will use a combination of opening/closing vertical net tows (64-(m mesh; n = 4 replicates per transect per sampling date per depth) and pumping using a large stroke diaphragm pump.(samples from the hypolimnion, metalimnion, and epilimnion will be integrated separately).  Pumping will be vital for determining zooplankton enumeration in the thin hypolimnion, which cannot be effectively sampled with vertical net tows.  Comparison of net tows and pumping will allow calibration of effectiveness of pump sampling.  At each site, cladoceran zooplankton will be identified to species, and copepods will be identified as calanoids, cyclopoids, or nauplii as required for diet analyses.  For many critical samples, full taxonomic identification will be conducted to understand species-specific responses to anoxia and predation.  For the predatory invader, Bythotrephes, and its prey (e.g., Daphnia, Bosmina), we will quantify variation in summer zooplankton productivity by identifying individuals to species, sexing them, and calculating egg ratios.

In addition to establishing the vertical distribution of zooplankton to understand predator-prey interactions, it is important to understand the underlying mechanisms driving this distribution.  Otherwise modeling and predicting food web processes with changes to the food web are impossible.  Laboratory and field studies have shown that zooplankton prey respond strongly to Bythotrephes kairomones (scent).  Such responses could have large impacts on the growth rate and habitat preference of prey, both of which could strongly impact their availability for planktivourous fish. The above mentioned surveys will help to determine such effects, however it is also important to establish the role of resources.  During zooplankton collection, we will therefore collect water samples from the same regions for phytoplankton taxonomic enumeration.  In addition to serving to help describe zooplankton growth rate, knowledge of phytoplankton taxonomy is important to 1) ascertain the level of toxic algae in the central basin, and 2) understand how recent changes in the lakes (e.g. dreissenid invasion) has affected phytoplankton structure. 

We will use mid-water and bottom trawl data, collected in both the treatment (seasonally hypoxic) and adjacent control (seasonally oxic) area, to quantify how hypoxia affects the fish community.  Chi-square contingency analysis and analysis of variance will be used to compare species richness and species and life-stage relative abundance between treatment and control areas before, during, and after a low-oxygen event.  Comparisons also will be made over the diel cycle (n = 6 sampling periods), as well as between gear types (bottom versus mid-water trawls), to understand the influence of oxygen availability on fish community dynamics (behavior).  Correlation analyses between fish community attributes (e.g., species relative abundance, species richness) and the suite of physical and biological data (e.g., dissolved oxygen, temperature, PAR, chlorophyll, zooplankton) also will be conducted.  These analyses will provide a first look at if and how fish communities, and individual species within communities, react to hypoxic conditions in the dead zone.

The anoxic zone in Lake Erie likely influences the growth and nutritional status of individual organisms in Lake Erie either directly (via physiological responses due to low ambient oxygen concentrations) or indirectly (by affecting the availability of potential prey).  However, documenting effects on growth and nutritional status with traditional measures of individual growth and condition (e.g., weight-length measures, energy densities) is difficult, because although the anoxic zone in Lake Erie exists for a relatively short time period (1.5 months; Figure 1), traditional measures of growth and condition integrate feeding history and energetic utilization over the whole life-time of an organism.  Therefore, we will use RNA:DNA ratios in order to index more recent growth and condition of individual animals.  The measurement of nucleic acid ratios is based on the notion that DNA concentrations within individual cells remain fairly constant while RNA concentrations increase as protein synthesis increases.  Thus, a recently well-fed, active, growing individual should have a relatively high RNA to DNA ratio compared to a starving, inactive individual.  We will specifically compare RNA:DNA ratios between organisms (one representative zooplankton taxon, one representative benthic macroinvertebrate taxon and two fish species) collected in control (continuously oxic) and treatment (seasonally hypoxic/anoxic) regions.  For each taxon examined, we will analyze 30 organisms from each region.  Upon collecting a sample for analysis, we will sort out individual organisms and immediately preserve whole animals (or muscle tissue and scales for large fish) in RNAlater® and freeze samples in liquid nitrogen.  In the laboratory, we will thaw individual organisms and measure total lengths.  Then, to measure RNA:DNA ratios we will rely on established procedures for measuring nucleic acids in a variety of organisms (e.g., Caldarone et al. 2001; Gorokhova and Kyle 2002; Gorokhova 2003).  In short, these techniques involve homogenizing tissue and extracting nucleic acids through treatment with an extraction buffer and centrifugation.  Total nucleic acid concentrations are then measured fluorometrically, by comparing sample fluorescence with the fluorescence of RNA and DNA standards.  After total nucleic acid concentrations are determined, samples are treated with RNase, allowing for flourometric measurement of DNA concentrations.  RNA concentrations are then estimated from the difference between total fluorescence and DNA fluorescence.
Stomach contents of representative planktivorous, benthivorous and piscivorous fish (collected via short-set gill-netting and mid-water and bottom trawling) will be analyzed in the laboratory (n = 10 diets per species per transect per diel sampling period).  We will identify, measure, and count all food items found in stomachs under a dissecting microscope with an image analysis system.  Cladoceran zooplankton will be identified to genus, and copepods will be identified as calanoids, cyclopoids, or nauplii.  We will identify benthic invertebrates to family and fish to genus (or species, if possible).  Zooplankton length and abundance information in diets will be used to calculate diet biomass and daily consumption, which then will be used to generate an index of gut fullness (e.g., diet biomass to fish mass).  We also will quantify selectivity for zooplankton and other prey from diet information and prey abundance (Pothoven and Vanderploeg 2004), and attempt to estimate consumption of Bythotrephes.  The vertical structure of zooplankton and fishes will allow us to determine the role of anoxia in influencing fish selectivity, particularly for Bythotrephes.

Bioenergetics-based, spatially-explicit growth rate potential (GRP) modeling (Brandt et al. 1992, Mason et al. 1995) will be used to assess how the suite of habitat features (e.g., oxygen levels, temperature, food resources), collected by the PSS, interacts to influence growth of rainbow smelt and lake whitefish.  This type of modeling uses a grid-based (location by depth) approach to predict the physiological growth response of a fish to a suite of environmental conditions.  In essence, the spatial maps produced will provide a species-specific measure of habitat quality in the central basin (along each transect).  A foraging model will define consumption as a function of predator size, temperature, and prey (zooplankton, benthic macroinvertebrates, or fish) availability.  Previously published diet data from Lake Erie, as well as diet data collected herein, will be used to develop the consumption models.  Previously developed bioenergetics models for these species will be used to calculate GRP as a function of consumption and prevailing physical conditions.  Snapshots (maps) of consumption and growth rate potential will be calculated for each transect during each sampling period, which will allow us to assess the potential influence of oxygen availability.  


Expectations:
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We are optimistic that this effort will provide insight into whether low-oxygen events in central Lake Erie play a role in structuring higher trophic levels (e.g., benthic macroinvertebrates, zooplankton, fish), including their ecological interactions.  Although it has been suggested that reduced oxygen availability has historically limited several important recreational and commercial fishes in the central basin by limiting access to vital thermal and foraging habitat, little mechanistic support exists to justify this hypothesis (but see Ludsin et al. 2001).  In addition, through inter-basin comparisons of fish and zooplankton biomass, we are optimistic that this effort will shed insight into why central Lake Erie is a stronghold for Bythotrephes, which has been implicated in the reduction of native crustacean zooplankton prey in Lake Erie (Johannson et al. 1999).  In fact, Bythotrephes biomass is greater in central Lake Erie than anywhere else in the Great Lakes (Figure 3).  Although numerous possibilities exist to explain this phenomenon, we will explore whether Bythotrephes is using low-oxygen (< 4 mg/l) areas as a refuge from predation by planktivores (e.g., rainbow smelt) that cannot tolerate low oxygen levels.  Thus, although this work is largely exploratory, it also is hypothesis-driven, and indeed may help us understand the potential effects oxygen availability can have on both Lake Erie’s valued fisheries and the persistence of exotic species.  In turn, because ecological understanding is pivotal for developing reliable predictive models, this effort will be of value to future ecological forecasting efforts.   
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11.   Governmental / Societal relevance: 

Currently, there is much concern by both Lake Erie management agencies and user groups about the resurrection of the dead zone in Lake Erie.  However, as to whether this concern is justified from an ecological standpoint remains unknown.  Our project would provide Lake Erie resource management agencies with a heightened understanding of whether seasonal low oxygen events are critical to the ecology of Lake Erie, including fisheries production.  In particular, our research could help management agencies better understand the diel and seasonal distribution of fish in central Lake Erie, as well as potentially inter-annual growth variation.  Clearly, if we find that low oxygen events have limited impact on benthic macroinvertebrate, zooplankton, and fish community composition and behavior (e.g., migration, feeding), concern by management agencies over establishment of the dead zone might diminish.  Certainly, Lake Erie management agencies could use this understanding to better manage user group (e.g., commercial and recreational fishers) expectations regarding anoxia.

This project also is important to GLERL from two perspectives.  First, this research fits perfectly with GLERL’s aim to develop a collaborative, integrative research program in Lake Erie.  In addition to coordinating the research of 5 GLERL PIs, the focus of this project (i.e., central basin anoxia) matches the focus of the NOAA COP effort, which involves 5 other GLERL PIs.  Thus, if both projects are funded, the majority of GLERL PIs would be working on the central basin anoxia issue.  Further, this project also would enhance our ties with both the Ohio Department of Natural Resources and USGS Great Lakes Fishery Science Center (Lake Erie station), which could prove beneficial for future research efforts (not to mention, enhance their fishery management missions).  Second, because this research also would be exploring whether anoxia influences Bythotrephes dynamics and distribution in Lake Erie, it provides further justification for NCRAIS being located at GLERL.

12.   Relevance to Ecosystem Forecasting:  

Scientists at NOAA-GLERL have proposed (in a collaborative NOAA COP project) to delineate the mechanisms responsible for annually recurring anoxia in the central basin of Lake Erie, and then use this understanding to predict the timing, magnitude, and duration of anoxic events.  There would be no attempt, however, to understand or predict how anoxia influences the distribution and dynamics of higher trophic levels (e.g., benthic macroinvertebrates, predatory cladocerans such as Bythotrephes, fish).  By contrast, our research would focus explicitly on understanding the link between oxygen availability and lake ecology, with the fundamental goal of enhancing our ability to reliably forecast how biological components of the Lake Erie ecosystem respond to diel and seasonal changes in bottom oxygen availability.  Although the spatially-explicit bioenergetics-based GRP maps developed herein could, in essence, serve as forecasts of how fish growth respond to oxygen availability (and other physical and biological habitat attributes), we see this work as only the beginning.  Ideally, we would use our this preliminary investigation to support larger, synthetic efforts (future internal and external proposals) aimed at understanding and then forecasting the influence of hypoxia/anoxia on the Lake Erie ecosystem.  In particular, we would hope to that the ecological understanding gained herein would allow us to make forecasts of higher trophic level production by linking our ecological understanding and bioenergetics-based GRP models to the larger models/forecasts generated as part of the NOAA COP effort.    

13.   Project linkages.

Other PIs at GLERL, in collaboration with several University of Michigan faculty members, have proposed to explore the mechanisms responsible for the dead zone that establishes in central Lake Erie during summer.  Their effort, however, will not focus on understanding the ecological consequences of reduced oxygen.  Thus, our effort could benefit theirs, by providing an ecological justification for exploring low-oxygen events in Lake Erie.  Although understanding of the causal mechanisms of the dead zone in central Lake Erie is important from a basic science standpoint, the importance of understanding this problem would only be heightened, if we knew that the dead zone actually influenced higher trophic levels, including fish production or persistence of exotic zooplankters (e.g., Bythotrephes). 

This project also has ties with the NOAA-GLERL’s Great Lakes Observing System goals in that we would rely heavily on real-time data collections to determine the timing of our sampling.  In addition, these buoy data, in combination with the video system, would help us understand the influence of oxygen on diel movement patterns of fish. 

In addition, this project and Ludsin and Mason’s bioelectrical impedance analysis (BIA) study should prove mutually beneficial.  In order to couple these two studies, we will set aside some whitefish, walleye and smelt collected in Lake Erie for body condition analysis.  Lengths, weights and bioelectrical impedances of all these fish will be measured at the time of collection, while a subset will be transferred to the laboratory for energy density and lipid analysis.  These measures will allow us to develop species-specific relationships between measures of bioelectrical impedance and energy densities, lipid concentrations, and Fulton’s K body condition.  Simultaneously, these measures should reflect growth under different habitat conditions (i.e., anoxic and non-anoxic habitats), thereby allowing us to quantify effects of anoxia at the level of individual fish. 

This project, which examines spatial coupling between forage fish, native zooplankton, and Bythotrephes, nicely compliments similar work in Lake Michigan (e.g., Vanderploeg’s research) that is trying to understand forage fish and Bythotrephes interactions.

Finally, this project is strongly related to other research efforts in both the Chesapeake Bay (Brandt’s NOAA COP “Synthesis” project, upon which Ludsin has continued to work extensively) and the Gulf of Mexico (see Ludsin and Brandt internal proposal) in that all three projects would focus on how oxygen availability influences habitat use of higher-level organisms, including fish.  With the suite of information generated from all three projects, we would hope that a synthetic paper could eventually be written that discusses the influence of oxygen availability on fish distributions, diel behavior, and growth potential.

14.   Project timeline (list of significant dates for project activities and products)
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Figure 2.  Proposed locations for inshore-to-offshore and diel sampling stations, layered upon GLERL and Environment Canada mooring locations.











Figure 1.  Dissolved oxygen profile in central Lake Erie during July through October 2003.  Data source: NOAA-GLERL’s central basin buoy, Steve Ruberg.





Figure 3.  The suitability of the Great Lakes as a habitat for cercopagids revealed by (a) Bythotrephes abundance and the bosminid/big Daphnia ratio, a surrogate for fish predation, and (b) abundance of zooplankton that are potential prey of the cercopagids and fish calculated from data of Barbiero et al. (2001).
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