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8.  Executive Summary: Stable isotopes represent an important source of evidence concerning trophic relationships that is independent of other techniques such as gut contents analysis. A conservative estimate based on stable isotopes of Baltic Sea herring diets concluded that 20% consisted of the invasive zooplankter C. pengoi. This analysis was possible because C. pengoi are predators, creating differentiation of the δ15N signal relative to native herbivorous zooplankton, an effect necessary to detect such dietary components. The use of stable isotopes in the characterization of Lake Erie food webs, in contrast, has been surprisingly under-utilized. This proposal is to conduct stable isotope analyses of the Lake Erie food web and sediments. These efforts will support stated IFYLE goals of international collaboration, understanding impacts to fisheries, development of reliable tools for forecasts of physical and biological subsystems, and coordinated sampling. New samples for stable isotope analysis will consist of subsets of collections already generally planned. Current data will be compared with unpublished 1994 Lake Erie food web pre-Cercopagis data in collaboration with Dr. Ora Johannsson, Fisheries and Oceans Canada. Analysis of sediments will be conducted on existing unanalyzed samples, collected during the Erie Comprehensive Collaborative Study, in collaboration with Dr. Ihsan Al Aasm and  Dr. Jan Ciborowski of the University of Windsor. 
9.  Proposed CY2005 Work:
This work is divided into four parts: 1) Quantification of the current role of exotic predatory zooplankton in fish diets, 2) Temporal shifts in food web structure, 3) Archiving of food web samples for future analysis, 4) Spatial patterns of isotope signatures in sediments.
Part 1. Quantification of the current role of exotic predatory zooplankton in fish diets

The demonstration of diet shifts in the Baltic Sea is a reasonable basis to hypothesize that the same effect is occurring the Lake Erie. Moreover, smelt consumption of Cercopagis has been demonstrated by gut contents analysis in Lake Ontario (30). Stable isotope analysis in Lake Erie fish would provide conservative estimates of the relative importance of exotic predatory zooplankton over long time periods. Regional differentiation of basal isotopic signatures, which could theoretically affect signatures of higher trophic levels, should be integrated by consumers (indeed, this is a strength of stable isotope analysis). The detection of reliance on predatory zooplankton by fish rests on the expected occurrence of specific, yet reasonable, isotopic effects, which can be considered testable hypotheses in their own right. This leads to the first three hypotheses to be tested:
H1: Zooplanktivorous fish currently rely significantly on exotic predatory zooplankton.

H2: Bythotrephes and Cercopagis will  have similar δ15N values.

H3: Bythotrephes and Cercopagis will be enriched in 15N relative to herbivorous zooplankton.
Quantification of such effects can be further refined by examining fish of varying life-stages in order to document ontogenetic niche-shifts. Short term shifts in diet can also be addressed by examining tissue types with varying N turnover times. Moreover, changes in food web structure can be further illustrated by comparison of fish species likely to feed on exotic predatory zooplankton with fish that are not likely to do so, especially at different age classes. This leads to additional hypotheses:

H4: δ15N values will increase with age class in zooplanktivorous fish as they begin to  consume Bythotrephes and/or Cercopagis.

H5: δ15N values in liver tissue will be greater than δ15N values in muscle tissue in later age classes of fish as they begin to consume Bythotrephes and/or Cercopagis.

H6: δ15N values will not change between age classes of fish species lacking evidence of  Bythotrephes and/or Cercopagis consumption from gut contents analysis.
To address these hypotheses stable isotope analyses will be run on 2 fish species (smelt as representatives of potential consumers of exotic predatory zooplankton when adults and emerald shiner as representatives of consumers that do not) X 2 tissues (muscle as slowly turning-over tissue and liver as quickly turning-over tissue) X 2 life stages (youngest stage available vs. adults) x 2 seasons (early and late summer) X 20 fish per group = 320 measurements of fish. Tissues will be isolated from fish collected from multiple sites in the central basin of Lake Erie, as part of collections already planned. Samples will be dissected, dried, ground, and frozen until analysis. Zooplankton will be collected using net tows. The zooplankton community will be divided into categories and analyzed separately. Stable isotope analyses will be run on 5 categories (Cercopagis, Bythotrephes, calanoid copepods, other copepods, and other cladocerans) X 5 sites in the central basin X 2 seasons = 50 measurements of zooplankton. Unlike fish, zooplankton category samples will be consolidated within a sample site with a minimum of 100 zooplankters or 10µg (dry weight). With the addition of standards interspersed at a rate of 1 for every 10 samples, this comes to a total of 320 fish samples + 50 zooplankton samples + 37 standards = 407 stable isotope analyses. 
Part 2. Temporal shifts in food web structure.
Whether the food web has changed over time in response to invasion by predatory zooplankton is a testable question distinct from those addressed in Part 1. Testing of Part 2 will require, in addition to samples of the current food web, comparison to pre-invasion data. In collaboration with Dr. Ora Johannsson of Fisheries and Oceans Canada we will compare data collected in 2005 with unpublished 1994 pre-Cercopagis invasion Lake Erie food web stable isotope data. This data set includes phytoplankton, zooplankton, macrophytes, crayfish, burbot, whitefish, smelt, small mouth bass, alewife, drum, spottail shiner, and emerald shiner. Support of the evaluation of the current condition (Part 1) is required for examination of Part 2. Because Dr. Johannsson’s data set is already analyzed, we request resources to support one trip to Burlington, Ontario. We will test the hypotheses:
H7: Zooplanktivorous fish have shifted their diets following invasion by predatory zooplankton.
H8: δ15N values for zooplanktivorous fish shown to now consume Cercopagis by gut contents analysis will be greater than 1994 values.
Part 3: Archiving of food web samples for future analysis.

The scale of IFYLE and comprehensive sampling regime of the Lake Erie food web afford the opportunity to take a snapshot of the entire food web. Yet due to limited resources of time, manpower, and money, it is not feasible to analyze all food web components for stable isotopes at this time. We can however, take samples and stabilize them for future analyses. Future analysis of samples collected now will facilitate more comprehensive comparison with pre-Cercopagis invasion data (Part 2). Moreover, we have an opportunity to define the baseline condition for the future. Sampling and archiving this year will support prediction and study of new biological invasions, restoration efforts, changes in nutrient loads, and large scale HABs for the next decade. We will also seek support for stable isotope analyses of other food web components based on samples taken now as driven by questions derived from other current IFYLE food web studies. Such questions include the effect of hypoxia on the food web structure and spatial patterns of stable isotope signatures in biota (Part 4). Food web components to be collected and archived this year include: seston with macrozooplankton removed, opportunistic sampling of phytoplankton blooms or other algae, dreissenids, other zoobenthos, and other fish. Collection, processing, and archiving of samples requires labor, further justifying the need for a student worker, but little additional resources beyond basic sample storage supplies at this time. 

Part 4. Spatial patterns of isotope signatures in sediments

Due to the spatial context of IFYLE, we have the opportunity to assess regional “compartmentalization” of Lake Erie, i.e. assess whether Lake Erie can be divided into regions under distinct ecological influences. This phenomena was reported for water masses during the 2004 GLERL Lake Erie Science Planning Workshop with unpublished data (31). The alternative, in the extreme, is that Lake Erie is a single coherent unit. While I believe no one at GLERL would take such a position, the spatial scale of such subdivision has yet to be quantified in any real empirical fashion. This leads to the hypotheses:

H9: Broad spatial patterns exist in benthic Lake Erie stable isotope signatures.
H10: Regionalization will be greatest in the western basin and decrease eastwardly.

These hypotheses can be best tested by processing existing sediment samples taken as part of the Erie Comprehensive Collaborative Study in 2004. Detection of spatial patterns in the stable isotope signatures of sediment would serve as an empirical foundation for hypothesizing that such patterns, and thus large-scale regionalization, exist for physical phenomena and biota. This information can then be coupled to the interpretation of spatial data obtained by other IFYLE studies, and subsequently tied to future food web analyses, especially regarding the benthos. This analysis is directly relevant to study of the Lake Erie food web because it addresses ecological regions defined by differential conditions affecting biota. In collaboration with Dr. Ihsan Al Aasm (Head of the Earth Science Department, University of Windsor) and Jan Ciborowski (University of Windsor), we will analyze these samples for stable isotopes (C and N). The sediment samples are currently archived and properly stored for future isotope analysis. We will analyze 283 sediment samples + 28 standards = 311 stable isotope analyses. This brings the total number of stable isotope analyses proposed to 718. As a safety margin, we request funding for 800 samples. 

10. Scientific Rationale:  Use of natural stable isotope analyses in the characterization of food webs.- There are several ways to better understand the diet of organisms, including direct observation of feeding behavior, gut contents analysis, and examination of chemical constituents such as stable isotopes within the tissues of organisms compared with their potential food sources. Most stable isotope studies of food webs can be classed as either experimental isotope enrichments or surveys of natural isotope abundance. The basic concepts of consumer δ15N enrichment ~3.4‰ relative to their diet and little δ13C enrichment relative to their diet have been the basis for numerous analyses of food web structure (1, 2). Examples of such studies abound from the 1980’s and 1990’s:  Maine Estuaries (3), Gulf of Mexico (4), Georges Bank (5),  Barrow-Strait Lancaster Sound (6), Orinoco Floodplain (7), Kuparuk River (8), North Easy Water Polynya (9). Later more sophisticated examinations used natural stable isotope abundances to study spatial food web subsidy (10) and the effects of invasive species on food webs (11).
Limitations of natural stable isotopes.- Important caveats limit the utility of natural stable isotope abundance analyses. When the technique of stable isotope analysis emerged in ecological research in the mid-1980’s it was soon touted as powerful tool increasing in use (12). Studies during this time typically characterized food webs using plots of δ15N vs. δ13C. By the mid-1990’s critical examination of ecological use of stable isotopes began in earnest (13, 14). As sophistication increased, mechanisms causing subtle shifts in isotope signatures began to be investigated (15), including the effect of starvation of 15N enrichment (16), effect of dietary nitrogen on 15N enrichment (17), and the effect of carbon limitation on 13C enrichment (18). Comparisons of the food webs in multiple lakes, for example, required calibration using isotopic signatures of long-term integrators of basal resources in the form of unionid mussels (19). Interpretation of isotopic signatures must account for these factors as well as issues including achievement of isotopic equilibrium, elemental turnover rates in sampled tissues, choice of isolated tissues or whole-body samples for analysis, ontogenetic niche shifts in life stages sampled, differential isotopic signals of living components vs. detritus in bulk organic material, and differential isotopic signatures of resources within an organism’s range. Refinement of methods continues, e.g. alternatives in the application of mixing models to food web analysis (20).

Complementary nature of data derived from stable isotope analyses.- It is clear from the last 20 years of work that care must be taken in both the design and analysis of stable isotope investigations of food webs. That said, stable isotopes represent an important source of evidence concerning trophic relationships that is independent of other techniques such as gut contents analysis. This independent nature is derived from the integration of isotopic signatures over varying time periods and areas, depending on turnover times in tissues sampled. Thus, while gut contents analysis can tell what an organism just ate, stable isotopes can indicate long-term trends in diet, and short term shifts when different tissues or gut contents are compared. Overall, stable isotopes can provide corroboration of data derived from other means.
Recent use of stable isotopes to investigate the effects of exotic species.- Natural stable isotope abundances have recently been used to examine the effect of Cercopagis pengoi on the food web of the Baltic Sea (21). Using a mixing model with mesozooplankton and C. pengoi representing food resources for zooplanktivorous fish, a conservative estimate has been made that 20% of the herring diet consists of C. pengoi. Fish were also enriched with 15N relative to pre-invasion samples. This analysis was possible because exotic C. pengoi are predators, while many native zooplankton are largely herbivorous, creating differentiation of the δ15N signal among these food web members necessary to detect diet components. Further resolution of the food web can be achieved by isolating zooplankton of different trophic levels. Cannibalism in C. pengoi elevates population δ15N values, further differentiating it from native herbivores.
Stable isotope analyses of Great Lake food webs.- The use of stable isotopes in the characterization of Great Lake food webs has been surprisingly sparse. The EPA has conducted investigations into the food webs of coastal wetlands in Lake Superior (22), but has not, nor plans to, conduct large scale stable isotope analyses of Great Lake food webs (23). The USGS proposed to GLNPO to conduct an investigation of the effects of exotic species on the food web of Lake Erie using stable isotopes in 2000, but was not funded. Moreover, the USGS has not, nor plans to, conduct large scale stable isotope analyses of Great Lake food webs (24). A large investigation of Great Lake food webs using stable isotopes has been produced by Canadian researchers for Lake Ontario (25, 26, 27). Recent work as part of the Erie Comprehensive Collaborative Study (ECCS) included sediment samples from hundreds of sites in Lake Erie (see Part 4). Mayflies and dreissenids have begun to be analyzed from this study, but ECCS was not focused on a comprehensive survey of the food web including pelagic members (28). Recent Lake Erie stable isotope work has examined alteration of nutrient cycles by dreissenids in near shore habitats using stable isotopes of oxygen (29). Other stable isotope efforts on Lake Erie include piecemeal student investigations of near shore habitats, but are not part of past, present, or future open-water investigations (32).
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11. Governmental/Societal Relevance: The primary relevance of this project consists of: 1) the quantitative estimation of the relative importance of exotic zooplankters in fish diet, 2) documentation of shifts in fish diet following Cercopagis invasion, 3) establishment of the baseline food web condition for future impacts, and 4) empirical characterization of in-lake ecological “regions”. 

12.  Relevance to Ecosystem Forecasting Stable isotopes can directly demonstrate temporal shifts in food webs if a “baseline” condition is compared to a later condition. Unfortunately for the Great Lakes, ecological stable isotope analysis only arrived and then developed at the same time major aquatic invaders such as the zebra mussel and predatory zooplankters arrived. We are fortunate to have access to a dataset that will allow temporal comparison between now and 10 years ago. Study of long tem temporal patterns, which is necessary to calibrate forecasts of future conditions, must continue. Moreover, the Great Lakes are under continuous threat of new invasions and other impacts. Therefore we are in a unique position to establish the baseline condition for future impacts. Such a baseline condition would serve as the benchmark against which future impacts such as new invasive species, restoration efforts, changes in nutrient loads, and large scale HABs can be forecasted and quantitatively measured. See also sections 13.3 and 13.4 below.
13. Project Linkages:  This project will expand the role of the NOAA National Center for Research on Aquatic Invasive Species. In addition, this project will support the following IFYLE objectives:
1. Collaboration and Coordination Among International Agencies: This project will create new collaborations between GLERL and two Canadian institutions: The Department of Earth Science at the University of Windsor, and Fisheries and Oceans Canada. Moreover, this project will allow the analysis of important Lake Erie samples now currently in storage which might otherwise continue to go unstudied (28) and leverage an unpublished dataset that might otherwise go unpublished (33).
2. Understanding of Impacts to Fisheries: Changes in the food web caused by nonindigenous species directly affect fisheries. These changes must be quantified to understand interactions between biological invasions and fisheries.

3. Development of reliable tools for forecasts of biological subsystems: Comparison of the effects of Cercopagis on the Lake Erie food web to effects on Cercopagis on the Baltic Sea food web will help to establish understanding that can be applied to the prediction of the effects of new or potential invaders exported from the Baltic Sea to the Great Lakes. The need to create scientifically robust predictions of the effects of new or potential invasions is a widely recognized necessary element of biological invasion risk assessment, which is in turn needed to prioritize allocation of resources to invasion pathway interdiction and invasive species management. Thus this project will aid in  establishing a biological invasion risk assessment capability at GLERL.
4. Development of reliable tools for forecasts of physical subsystems: This study would directly support a research focus identified in the “Fish and Physics” section of the 2004 GLERL Lake Erie Science Planning workshop. As reported in that workshop, unpublished data suggested distinct “water masses” existed in the western basin of Lake Erie (31). Investigation into the regionalization, or ecological subdivision of Lake Erie by physical means, is necessary to build reliable forecasting of effects from phenomena with limited spatial extent, such as HABs, or spatial patterns of toxin accumulation in food webs. Furthermore, current stated IFYLE goals that described as occurring at “various spatial scales” suffer from a lack of robust empirical justification of said spatial scales. Thus this study would provide empirical justification for the scale of spatially explicit processes which GLERL is attempting to forecast.
5. Coordinated Sampling: Since the primary objective of new sampling in this study is to provide data complementary to other food web analyses, stable isotope samples will be taken from the same samples collected for other purposes, such as gut contents analysis, whenever possible. In addition, analysis of sediment samples will be directly relevant to IFYLE and GLERL investigations of benthic organisms.
14. Project Timeline CY2005:  
June: 

First central basin collection. 


Start stable isotope analysis of sediment samples.
July:

Start stable isotope analysis of food web samples.

September:
Second central basin collection.

October:
Complete all stable isotope analyses.

December:
Complete data analysis.
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