Coupling novel geophysical and geochemical techniques to study the geologic control of coastal aquifers and their role in the evolution of Florida’s harmful algal blooms (HABs).

Statement of Problem
The coastal waters of Florida are highly productive and are extremely important for recreational and commercial fisheries and tourism. Recently, much public and scientific attention has been directed at the coastal waters off west-central Florida because of the occurrence of wide-spread persistent and recurring harmful algal blooms (HABs). These HABs, which date back to pre-anthropogenic conditions, are indicative of widespread eutrophication; i.e., rapid plankton growth rates in response to high nutrient conditions lead to bottom water hypoxia, as well as widespread fish kills from phyto-toxins. HABs require a significant source of ‘new’ nutrients. However, recent work has demonstrated that estuarine fluxes provide insufficient phosphorus and nitrogen to support these blooms, and no single inorganic nutrient source is sufficient to support such large blooms. While a current paradigm suggests that fallout of nutrients from continental dust particles may provide a source of nutrients to stimulate HABs, we have convincing evidence that the submarine groundwater-derived nutrients, enhanced by hurricane-induced high precipitation events, may be a much greater labile source of nutrients to these coastal waters. This research opportunity would tie directly into existing and pending external research funding on this topic that explores linkages between the ‘leaky’ coastal aquifers of Florida and role of submarine groundwater discharge-derived nutrients and trace elements to the evolution of HABs.  

The research questions are thus focused around the potential source(s) and role submarine groundwater discharge-derived nutrient fluxes capable of supporting sustained plankton blooms that cause extensive hypoxic conditions and ecosystem degradation. We believe that the answer is the submarine discharge of nutrient-rich groundwater, which appears to be modulated by natural and hurricane-induced precipitation events on land. What we know little of at present is precise processes, driving factors (terrestrial and marine) and scales. Groundwater has long been identified as a potential nutrient source to estuarine and coastal waters. Despite the presence of many first-order magnitude springs around the state (both on land and offshore) in areas where red tides can occur, the link between SGD nutrient inputs and red tides has not been addressed fully. SGD rates and their role in the transport of ‘new’ nutrients need to be examined given our increased awareness of enhanced benthic exchange processes across leaky coastal margins. SGD fluxes of phosphate and dissolved inorganic nitrogen far exceed the inputs to Tampa Bay from rivers. It is likely that this SGD continues to occur offshore, as well. 

Objectives

The primary objective of this work will be to complement a team of researchers to determine rates of submarine groundwater discharge (SGD) and associated nutrient fluxes to the coastal waters off west-central Florida and to examine the role of SGD in the ecology of coastal algal blooms.  We will develop a geologic framework for the complex hydrogeology along peninsular Florida, into which we can place our SGD interpretations.  In addition to the offshore work, where the role preferential flow paths will be elucidated using a combination of novel geochemical and geophysical techniques, it is also important to assess the shallow-water “boundary zone” close to shore. Near-shore activities of radium and radon are often elevated in these waters, which imply a combination of tidal-pumping, wave-induced flushing of the sediments, and groundwater discharge from the surficial aquifer when the water table is elevated. 

Relevance And Impact

This research relates directly to many of the research goals set forth in the Gulf of Mexico Alliance and USGS Science goals.  This plan is designed to address the priorities and goals of the USGS Strategic Plan and Geologic Discipline Science Strategy, as well as several other regional plans.  The SGD science plan poses five goals designed to describe areas on which research should focus.  While the research described here applies to each of the five priority areas, three of the goals are particularly relevant.  The first is to describe the regional geological controls on submarine groundwater flow and discharge.  The second is the quantify flow and discharge rates of groundwater to estuaries and the coastal ocean, including temporal and spatial variability.  The third applicable goal is to quantify the ecological impacts of SGD on critical coastal habitats, resources, and ecosystem functions.

Partnerships

We will work closely with the FMRI HAB Program, as well as with Harbor Branch Oceanographic Inst. And other academic institutions.  State water management districts, EPA and NOAA also have expressed strong interest in this effort. 

