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Stable Isotope Compositions of Aquatic Flora as Indicators of Wetland Eutrophication
Gu, B. (Soil and Water Science Department, University of Florida, and South Florida Water Management District); Wang, J. (Three Gorges University, Yichang, China); Ewe, S. (Southeast Environmental Research Center, Florida International University); Wang, Y. (FSU, EOAS) and Li, Y. (Soil and Water Science Department and Tropical Research and Education Center, University of Florida)
Introduction 
Current indicators of environmental changes in lacustrine and wetlands focus on the impacts of nutrient loading such as soil and water total phosphorus (TP) and total nitrogen (TN) concentrations, species composition, biomass and primary production. These indicators often reveal the changes in the impacted systems that have taken place. Ecological research and restoration efforts indicate that it is extremely difficult to restore ecosystems that have been severely disturbed. Therefore, the identification of early symptoms of environmental change, prior to major damage, is critical for the restoration of disturbed systems to conserve natural resources (Carpenter and Brock, 2006).  Carbon and nitrogen isotope compositions of organic matter offer an alternative means to detect early signs of environmental changes in aquatic ecosystems (Hofmann et al., 1997).   In this study, we analyzed the δ13C and δ15N values of a common wetland plant collected along a nutrient enrichment gradient in the WCA-2A, along with several other aquatic plants from limited sites in the area.  The objectives were (1) to understand the responses and mechanisms controlling the isotope variations along the nutrient gradient, and (2) to evaluate which stable isotope is more reliable and feasible candidate as an indicator of human-induced environmental changes in Everglades wetlands. We hypothesized that both carbon and nitrogen stable isotope compositions of major wetland plants would increase in response to the increases in ambient nutrient concentrations.
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Fig. 1. Soil total phosphorus (A), soil and cattail total carbon (B), total nitrogen (C), δ13C (D) and δ13C (E) along a sampling transect from the inflow (F0) to the interior (U3) in Water Conservation Area 2A of the Everglades, Florida.
Discussion
This study demonstrates that stable isotopes are generally sensitive environmental indicators and can be used to assess sources of C and N, and the responses of biota to nutrient stress, enrichment and water management. The results from this study partly support our hypothesis that δ13C of aquatic plants responded positively to nutrient increase because the δ13C values of two emergent plants were higher under nutrient stress. Only the δ13C values of benthic algae and non-rooted macrophytes responded to nutrient enrichment positively. However, the 13C enrichments in the emergent plants may be used as a sensitive indicator for environmental stress in wetlands. Unlike δ13C, the δ15N of all flora taxa responded positively to P enrichments, which supported our hypothesis that δ15N of aquatic plants increased with the increase in nutrient concentration. Our findings suggest that δ13C of aquatic vascular plants is a good indicator for responses of plant physiology to environmental stress while δ15N values of all aquatic plants are a more robust indicator for eutrophication in wetlands. These isotope signatures, combined with other environmental indicators, may be used as monitoring tools for wetland management and restoration.
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