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Summary

A total of 26 hypothesis development surveys were returned; most were from university researchers (21) with the bulk coming from UF (16).  Replies were also received from agency scientists at USGS (4) and NWS (1).   A broad range of disciplines was represented (fisheries, soil science/biogeochemistry, water chemistry, geology/geophysics, hydrology/hydrologic modeling, geographic systems, remote sensing, wetland ecology, meteorology), and surveys ranged widely from specific research questions to broad research themes.  

Each of the five science topics was represented by specific research hypotheses; specific research questions under each are presented below.  Similarly, cross-cutting themes were relatively evenly evident in the proposed research questions.   The topic of sustainability formed a broad nexus for many of the other science topics; the concept of hydrologic carrying capacity (and, by association, ecological carrying capacity) for ongoing development in the basin was cited frequently as a central theme.  There was a strong emphasis on baseline data collection, with a particular focus on the interactions of surface and groundwater in the estuarine area.  Biogeochemical cycling and nutrient source, transport and fate questions were also prominent.  To synthesize and integrate disparate data sets, an ambitious set of modeling objectives has also been outlined.

Almost all of the surveys agreed that the primary strength of the Suwannee River as a site for a national hydrologic observatory is that it remains largely unregulated and undeveloped.  This offers an unparalleled opportunity to directly evaluate the effects of nutrient enrichment and urbanization, and to engage in experimental controls of disturbance in order to better manage development.  Another feature of the Suwannee River Basin (SRB) that stood out was that it represents a biological, chemical and physical end-member with respect to other basins under consideration for observatory status.  The basin is sub-tropical, high color, low relief, overlies a karstic carbonate aquifer, has three very distinct hydrologic zones and is dominated by low intensity land-uses.  As such, there is a need to frame the proposed research and monitoring to be both specific to the Suwannee and sufficiently general for inter-basin comparison.  Several researchers pointed to the existing data available for the SRB as a significant strength; tracer studies for subsurface hydrology, GPR studies of unsaturated flow, existing models for ecological assessment, DOC characterization (one national standard is Suwannee humics), high resolution precipitation data sets, large archive of remote sensing imagery at UF and existing projects in the basin (e.g. Grunwald project in Santa Fe basin) among many others form a core research foundation that is highly desirable. 

Though various facets of the SRB make it unique and important, and consequently worthy of receiving HO status, many of the proposed research questions emerge from national and even global issues.  Concern about water use sustainability and development management, the growing influence of humans in the nitrogen cycle, fisheries and aquatic systems threatened by metals (e.g., Hg) and xenobiotics (Rx drugs, hormones, etc.,), the importance of wetlands and headwater streams for hydrologic and biogeochemical processes, the influence of extreme hydrologic events on biogeochemical and ecological forcing, scale-dependent observation and the ultimate need to integrate baseline scientific information into predictive models that allow improved planning for urbanization are universal themes that largely transcend any individual.  That these broad issues figure prominently in the research proposals indicates that a SRBHO can provide both critical place-specific information and nationally relevant science.

Research Questions

Linking Hydrologic and Biogeochemical Cycles

This was the most widely cited research area.  The range of potential research is enormous, and all three hydrologic zones are well represented.  Questions range from the influence of hydrologic variability on water chemistry (specifically the role of drought/flood cycles on color and DOC transport), OM cycling at various scales, the role of headwater systems (small streams, headwater wetlands) and riparian wetlands on basin biogeochemistry (and enrichment resilience), mapping and monitoring of terrestrial and aquatic soils/sediments for indicators of watershed change, and examining thresholds to change (resilience/vulnerability mapping).  

An emerging theme is the role that the SRB would play in a network of national HOs.  In this case, the particular role of a karst environment on lengthening water flow paths and increasing the biogeochemical connectivity between surface waters and the subsurface substrate may modulate/delay the effects of land use change.  As the SRB is an end-member with respect to numerous hydrologic and biogeochemical aspects, it is fruitful place to start evaluating national water resources in detail.

Specific questions include:

· Can differences in surface and groundwater chemistry be used as a natural source tracer?  How does water-rock interaction affect water chemistry?

· What are the effects of variability in submarine groundwater discharge (SGD) and the two-part delivery system (recycled marine waters vs. terrestrial subsurface discharge) on nutrient chemistry in near shore ecosystems?

· Observed spatial and temporal hierarchies are maintained by interactions of fast and slow processes (e.g., hydrologic forcing and carbon accumulation) – how do we predict sensitivity of these patterns to human-induced change, and what are the thresholds to stability.

· Natural stable and radio-isotope studies of waters to determine DOC, N, P sources and transformation rates.  

· What is the role of “vulnerable waters” (i.e., those no longer officially regulated under the CWA by EPA/USACOE) on quality/quantity/ecology of the basin? Quantifying the role of headwater and mid-reach wetlands for auto-purification, hydrologic buffering.  Using riparian soils and river sediments as indicators of watershed condition.  

· What are the sources and sinks of nitrogen in the basin?  What is the relative role of surface processes vs, subsurface processes for the attenuation of nitrogen and phosphorus loads? 

· How do the various hydrologic regimes affect the resilience/vulnerability of surface and groundwater ecosystems to human induced change?

· How does loading source position in the basin (i.e., headwaters sources vs. sources that discharge near the estuary) affect basin-scale export?  What is the rate and scale of auto-purification processes in the basin, and do they vary between hydrologic regimes?

· Is there too much emphasis on TMDL development at the basin scale?  That is, should we focus more on headwater processes as they exhibit higher auto-purification rates and receive significantly less regulatory protection?

· Are there thresholds in LU intensity or prevalence that lead to discrete changes in ecosystem behavior (e.g. micro-algal blooms in springs)?

· What are the major sources of DOC in the basin?  How does variability in flow affect color/DOC?  What changes in C cycling are observed with landuse change and what are the ecosystem consequences of these changes?

· What are the major C pools (dissolved, particular, colloidal) and what are the fluxes between them?  How does hydrologic regime affect these flux rates (production, degradation, sequestration)?

· What are the appropriate scales at which to characterize the effects of water quality impairment – is the spatial scale directly related to the scale of the contributing landscape from which an elevated flow arrives?  What are the drivers of the temporal scale of ecosystem response (hydrologic residence times, in situ dynamics)?

· How can we use this information to improve and streamline monitoring programs for large river basins?
Hydrologic Extremes

The role of episodic hydrologic forcing events (droughts, floods) received attention from two angles.  The first focused on the role of these events on hydrogeochemical processes (transport, aquifer recharge freshwater discharge to Gulf ecosystems) and the variability of these effects in different regions of the basin.  The central question is how influential these episodic events despite their long period.   Further, from a modeling perspective, how does the use of time-averaged estimates of ET, temperature, rainfall affect the realism of predictions?  This theme follows the prediction and limits to prediction cross-cutting theme.  

The second aspect of interest is from a risk prediction perspective: to what extent can improved hydrologic monitoring/modeling make predictions of flood stage/duration/timing more accurate?  This practical risk management theme applies equally to periods of elevated flow and droughts.  Among the important themes that links directly with water resource sustainability is predicting the role of groundwater extractions on drought intensity.

A large part of this research theme is the prediction of rainfall.  The research questions that emerge at the Suwannee River basin scale are: to what extent does a highly heterogeneous landscape (e.g., xeric sandhills abutting wetlands) confound prediction?  How sensitive are ecosystem processes to high frequency variability in temperature and rainfall?  These questions are profoundly linked to the improvement of regional models (basin hydrology, estuary mixing, ecological process).  As with many areas, the SRB has considerable baseline data that will be available to the HO.  In this case, a large hourly precipitation data set for the region has been developed on a 4x4 km grid, which can used as model input and to derive statistical properties of regional precipitation.  

Specific research questions are:

· How influential are large, long-period events on chemical transport, aquifer recharge, and ecosystem organization?

· What is the influence of flood/drought cycles on DOC export?  Does this variability have a role in maintaining water quality in general?

· Can we provide real-time, high-resolution flood and drought prediction?  At what level of groundwater abstraction are humans noticeably affecting drought conditions?  

· How do forecast changes in weather variability due to climate change affect the influence and incidence of extreme events?  How does this affect hydrologic carrying capacity?

· What is the role of pulsing in riparian ecosystem function, and what are the feedbacks between riparian processes and the stability of water quantity and quality.

· What are the effects of pulse timing on the influence that pulse has on ecosystem processes and ecosystem feedbacks? (Comparative study using the same sets of measurements in other basins is recommended)

Sustainability of Water Resources

Most of research proposals derive much of their relevance from this topic.  An overarching theme (one that is likely general to all HOs) involves quantifying the hydrologic carrying capacity of the basin, and understanding patterns of vulnerability across the basin.  Carrying capacity is not limited to water resources; quantifying responses to changes in water quality helps identify the chemical/biological carrying capacity.  Interest in linkages between hydrology and biogeochemistry (especially efforts to enumerate the auto-purification role of small streams/wetlands and subsurface processes) largely fall under this broad research question, as does the general interest in understanding and predicting the effects of episodic hydrologic forcing.  

Numerous research questions didn’t fall precisely in any of the categories – they mostly addressed critical baseline information about how water moves in a karstic carbonate aquifer.  This is an issue unique to the SRB, but clearly essential to the study of all other aspects of water therein.  Many researchers pointed to previous and ongoing tracer studies as a further reason that the SRB is well positioned to receive HO status; the region is emblematic of poorly understood karst carbonate aquifers.  Others noted the need for greatly improved assessment of actual water use, especially by agriculture, and developing linkages with demographic data to aid forecasting efforts.  Finally, some of the critical baseline data that drives a thorough understanding of the hydrologic processes (e.g., ET, recharge) in the basin can be derived remotely using primarily microwave sensors.   Assimilation algorithms that allow expedited prediction of these parameters in a spatially distributed manner is valuable for sustainability analysis and numerical modeling.

Specific questions included:

· What is the hydrologic carrying capacity of the SRB and do sub-basins vary in their ability to support human activities?  How does current LU affect the springs in the basin?  What are the forecasts of ongoing development effects?  What are the forecasted needs of all users (ag, urban, industry, ecosystems)?

· What specific basin attributes (geologic/hydrologic/ecological/biogeochemical/edaphic/LU) describe a sub-basin resilience/vulnerability?  Can variability between sub-basins be used to guide regional planning to meet the needs of users?  

· What are the socio-economic trade-offs of exceeding carrying capacity and how would these act as feedbacks to modify development?  How do large scale perturbations (El Nino, hurricanes, climate change) affect water quality/quantity?

· How does water flow in the unsaturated zone in karst landscapes (which influences septic drainfields, wastewater disposal)?  

· How can models of surface water flow be used to improve models of karst groundwater flow in areas where large conduits are common?

· Can assimilation algorithms be developed for the SRB that predict ET and recharge from microwave sensor technology?  Can these algorithms be extended to other sensors (Visual, NIR, MIR, TIR) using a battery of satellite/airborne/ground-based sensors?  

· What are the scaling implications of sensing hydrologic rates at aggregating/disaggregating to other scales? 

Transport and Fate of Chemical and Biological Contaminants

Particular research in this area was on the delivery, transformation and fate of mercury.  Identifying sources and understanding the role of high DOC levels on mercury transport was one aspect of proposed research.  Another aspect focuses on the fate and accumulation of mercury in largemouth bass in the lower Suwannee.  Both propose that the Suwannee is a useful place for long term inquiry because of extremely high DOC levels (leading to enhanced transport) and variable C-quality (leading to variability in methylation and availability).  The national significance of endocrine disruptors, Rx drugs, etc., and the extensive presence of dairies, chicken farms and, increasingly, human settlement from which these derive makes this arena of research particularly germane.  

Several researchers noted the paucity of Hg research outside of the Everglades despite the severity of the problem statewide.  A second high intensity research area in the state would make progress towards generalized management of the problem.

This entire area research would make significant linkages between biogeochemical processes (DOC in particular) and the transport and fate of Hg and xenobiotics.  As such, there is considerable potential to link Hg work (Delfino, Cherrier & Chasar) with DOC work (Sickman, Zimmerman) for field and laboratory sampling.  Attention is directed in particular at the role of hydraulic and DOC gradients, N transformations, soil properties, microbial community activity and climate forcing affect surface and subsurface degradation/attenuation of these emerging contaminants.  

Specific research questions include:

· Does variability in the Suwannee River surface flow drive observed inter-annual variability in Hg accumulation in fish (using largemouth bass as the model species)?

·  What are the sources of Hg in the basin, and what is the influence of DOC (and consequently links between DOC and flow rate from the Okeefenokee) of transport and fate?  What is the availability of Hg in the basin as a function of carbon quality in the system?

· Does the movement of xenobiotics parallel the flow of nitrates from groundwater to surface water?  How would changes in waste water treatment and septic tank design attenuate the flow of these compounds (links with the CLEANER program)?

· How can we predict degradation rates of xenobiotics from various attributes of the hydrologic and biogeochemical environment in both aquatic and terrestrial systems?

· What is the mobility of contaminating bacteria in the SRB and how does natural and human induced disturbance affect their transport?

Hydrologic Influence on Ecosystem Function

Fewer research questions were directed at this theme than others.   There is interest in understanding the role and vulnerability of headwater systems, which, though small, are expected to play a larger than expected biogeochemical role.  Recent changes in Federal CWA jurisdiction over isolated wetlands (and potentially intermittent streams), and their prominent presence in the Suwannee Basin make the SRB an ideal laboratory for documenting the ecological, hydrologic, and biogeochemical role of these systems.   The direct influence of hydrologic alteration on headwater and riparian communities could be experimentally assessed (bioassessment techniques) and their role in larger scale hydrologic and biogeochemical processes can be evaluated linking observations and models (e.g., Jawitz/James interest in finer scale hydrologic modeling).

A more frequent area of research interest is the examination of the effects of submarine groundwater discharge (SGD) on nutrient cycling in the near shore regions of the Gulf, and the spatial variability of these discharges.  Several areas of specific research include density-dependent mixing impacts of hypersaline water around mangroves, the ecosystem effects of spatial discharge variability, and nutrient dynamics of SGD.

For community effects in the estuary, the prominent questions related to the influence of changing water regimes (quality and quantity) on pelagic productivity of tertiary consumers.  In particular, how does SGD compare in influence on community dynamics with variability in the Suwannee River plume?

Specific research questions include (overlap with linkages with hydrology/biogeochemistry):

· What are the sources, sinks and fluxes of C? How does C cycling vary between hydrologic zones, and what is the modulating influence of long subsurface flow paths on C processes?

· How are ecosystems (e.g. riparian wetlands, isolated wetlands, benthic communities, estuarine communities) responding to landscape changes in enrichment, hydrologic forcing?  Can the techniques of bio-assessment be used as a high-resolution temporal integrator of mode and intensity of human induced change?

· To what extent can micro-algal blooms and loss of stygobitic fauna be used as integrators of basin-wide changes?  What are the time lags and resilience-induced non-linearities in community response to changing forcing?  

· How does the microbial community respond to changes in the quality of DOC delivery, and how does this affect other ecosystem processes (denitification, P mineralization, xenobiotic degradation)?

· How does seasonal and episodic variability affect the delivery of nutrients and contaminants to the estuary?

· How will natural and man-made disturbances in this watershed affect the physiological and taxonomic diversity of bacteria across the salt gradient over time and space?
· What is the heterotrophic microbial diversity of oligotrophic springs?

· Where in the salt gradient of an estuary does the population size of SAR11 (marine surface water) begin to rise and that of the ac1 cluster (freshwater dominants) begin to fall?   What other chemical characteristics of water in this transition zone are correlated with this important biological change?

Modeling

While there is no formal CUAHSI science theme for modeling, this is a practical addition to the list for two reasons.  First, modeling seems intrinsic to any hydrologic observatory following the primary charge of improved water resource management.  Second, many researchers in this team are focused on integrating scientific information into predictive simulations of basin dynamics at various scales.  

There are likely to significantly enhanced and specific objectives for modeling under the purview of a SRBHO emerging from the modeling group.  Below is a rough estimate of where those interested in modeling placed their emphasis in this survey.  

As with other research themes, the SRB is considered a crucial end-member.  Within Florida, there are extensive modeling efforts on other rivers (e.g., Caloosahatchee) but there is no benchmark for patterns within unregulated rivers.  Further, other rivers along the Gulf coast have coastal marsh complexes that are substantially more degraded than that characteristic of the Suwannee River estuary.  Improved understanding of the role of these coastal marshes would benefit from high-resolution observation of water and ecosystem quality in a system with intact coastal marsh systems.  

Among the stated goals of the modeling hypotheses are:

· Improve the linkages across scales.  In particular, formally evaluate the efficacy of developing models for small scale hydrologic/biogeochemical processes and aggregating the results for large area modeling (and perhaps the reverse – how effective are large area models at predicting small scale attributes after disaggregation).   Also, develop linkages between basin-scale models and estuary/river models for whole system integrated modeling.

· Mechanistic linkage of hydrologic forcing and P processes; focusing on regions of high intensity agricultural use.

· Soil-landscape modeling (object oriented approaches) to make maps of critical terrestrial and aquatic soil parameters (geospatial techniques, pedo-transfer functions, NIR spectral characterization)

· Resilience models – coupling experimental observation and models of various predictive attributes of basin, can we discern the stability and vulnerability of sub-basins to development (esp. nutrient enrichment)?

· Estuary/river interactions – model spatial and temporal variability in forcing and linking the models to geophysical observations (bathymetry, flow path proximity, sediment textures).  One of the objectives of a detailed estuary model would be to predict the long-term consequences of groundwater withdrawal and abstraction on salinity gradients.  Coupling improved understanding of the role of variability in both surface and subsurface discharges on estuarine parameters (nutrients, Chlorophyll a, DO)with a model that can develop flow reduction scenarios is a necessary tool for evaluating system-scale carrying capacity.

Data Requirements and Money/Personnel Projections

Core Data vs. Individual Data

Personnel Requirements for Core Data

Money for Core Data

Pat Welsh (Advanced Weather Information Systems Lab, UNF)

· Science

· Limits to precipitation prediction in heterogeneous landscapes

· Suwanee represents a unique setting with respect to the hydrologic gradients (well drained Xeric uplands in close proximity to swamps/lakes

· Ecosystem forcing from atmospheric parameters (e.g., ecosystem growth and development models responding to high frequency changes in rain and temperature)

· Overall system modeling linking atmospherics, surface/subsurface hydrology, geochemistry, estuarine mixing models, ecological process models – linkages with existing model efforts

· Relevance

· Generalization of observations across heterogeneous landscapes (most research in homogeneous landscapes)

· Availability of data as crucial aspect of HO

· Scale

· High resolution (1 ha) which coincides with new sensors

· Money

· Lots (instrumentation, personnel)

· Leverage links with existing efforts (estuarine, atmospheric, biological modeling) and specific/formalize data linkages to save $$

· Outreach

· Hydrologic interconnectedness

· Other HO activities

· Atmospheric forecasts/data

· Instrumentation expertise for autonomous networking

Sabine Grunwald (SWSD, UF) (PI for ongoing Santa Fe River Soil N project)

· Science

· Soil-landscape modeling (object oriented model under development for Santa Fe)

· Development of new map products (continuous response rather than crisp datasets) for soil performance at varying scale

· Linkages with easier to observe ancillary parameters (elevation, slope, land use, parent material) – these can be used to develop high resolution soil performance maps

· Remote sensing techniques, near infrared reflectance spectroscopy, field data collection

· Analysis techniques (geostats, hybrid techniques)

· Spatial/temporal hierarchies of processes maintained by interactions between variably changing parameters (e.g. carbon to hydrology)

· Stability and resilience emerge from the character of these interactions – what defines “basin stable states” and what are the properties that predict flips in that state

· Relevance

· Linking hydrologic and biogeochemical cycles

· Scaling for fast and slow variables, spatial variability

· Suwannee River is ideal because of ongoing enrichment transition

· Scale

· Sub basins (intensive study)

· Basin scale (e.g., Sante Fe River)

· Entire Watershed Scale (Suwannee River)

· Transfer methodology to other HOs

· High resolution spectroscopic analysis with laboratory techniques

· Remote sensing imagery and existing thematic layers for ancillary data sets

· Intense study sites scale up to basin models

· Money

· Post doc + 1 graduate student

· Varying depending on scale

· Education and outreach

· Experience with reticence among land owners to support science in the Santa Fe basin

Y. Peter Sheng (Civil and Coastal Engineering Department, UF)

· Science

· Estuary/river interactions – what are the flushing times and spatial variability thereof for various components of the estuary; how do these vary with exogenous forcing, bathymetry, proximity to flow.

· Contrast Suwannee with other Florida rivers that are more regulated (existing data), and in particular, have less marsh mixing potential; what does the contrast illustrate about the estuary/watershed exchanges

· Model linkages with Yeh (hydrologic model of Suwannee basin) and establishment of monitoring infrastructure

· Salinity distributions in the estuary and variability due to loading, climatological conditions, bathymetry and Gulf processes.  

· What are the dynamics of the Suwannee salt wedge and how will that change with increased groundwater use by development (again comparisons of sensitivity with other well-studied systems – Caloosahatchee)

· Heavy emphasis on numerical modeling and model linkages (watershed, Gulf)

· Estuarine water quality (DO, Chl a, light attenuation) as a function of human loading.

· Development of “preventative maintenance” protocols for managing development given detailed monitoring data 

· Relevance

· Suwannee is unique in that it is largely undeveloped and there are vast marsh (salt marsh?) areas – this allows clarification of preventative maintenance (is this the same thing as carrying capacity) as data are collected during the development process

· Global relevance is profound – all nations are wrestling with issues of water use and ecological impacts on environmentally and economically significant areas.  The Suwannees large size, regional importance and relative lack of development offer a valuable national benchmark.

· Data

· High res meteorology, flow, salinity/temp, DO, PAR at 4-8 stations in the estuary

· Lower res nutrients, phytoplankton, zooplankton via ship sampling

· Money

· Fixed station: start-up - $250-400k, maintenance - $100k per year 

· Ship sampling: start-up - $100k, maintenance/personnel - $200k

· Outreach

· Coastal ocean monitoring data for high schoolers

James Jawitz/Andy James (SWSD, UF) 

· Science

· Hydrologic cycling and nutrient linkages (especially P)

· Focus on areas of high intensity ag use

· Flowpaths among stores – how does loading source position within the basin affect watershed scale export (auto-purification processes); quantify contributing fraction

· High resolution spatial measurement of fluxed (ET, water table dynamics)

· Significant interest in modeling at small field scale and linkages with larger basin-scale models; geochemical flow/process models and links to field observations

· Relevance

· Suwannee ideal because of low levels of impact to date

· Translate easily across HOs, but not clear that Suwannee stands out as a good place to study them first

· Data

· High resolution well data (data-logging transducers) – 1 per sq. km in intensively studied area

· Flow weirs, solute auto-samplers

· Money/Personnel

· 2 grad students, 0.5 FTE research scientist, travel and field logistics

 Jim Sickman (SWSD, UF)

· Science

· The role of streams in biogeochemical processing of C, N, and P from terrestrial sources

· Driven by landuse change – examine links between LU and water quality

· How will changes in LU affect the form, loads, timing and fate of C, N and P in the SRB

· What are the effects in small streams at rural/urban interface; what are the large scale effects of changes in small streams on the large river systems

i. Small streams have high rates of N and P assimilation, denitrification

ii. Do we need to de-emphasize TMDLs for larger systems and focus more on enhancing monitoring of smaller streams

iii. Process dynamics are occurring in headwater streams making links between LU change and water quality in larger systems more difficult

· LU thresholds – how much does the landscape have to change to manifest degraded water quality (resilience to change) or is a linear relationship.  What are the critical N/P loads for microalgal blooms

· How does karst hydrology modulate the effects (longer flow paths, intense biogeochemical connectivity)

· What are the major sources of DOM in the aquatic ecosystems

· Linkages to modeling

· Scaling of C/N/P dynamics across small to large water courses

· Relevance

· Clear links to other HOs – general question: how does climate, geology, hydrology and disturbance frequency affect the role of small streams and ultimately C/N/P flux

· Suwannee represents a crucial end-member because of low development and karstic environment (and sub-tropical climate)

· Meets various cross-cutting themes (hydrology and biogeochemistry, scaling, sustainability, and climate/disturbance forcing)

· Data

· Standard water quality/quantity data + more specialized parameters in small areas (particularly where LU change is planned)

· Monitoring effort maximized in small stream systems

· Environmental isotopes (C, N, O, P) and end-member mixing analyses to evaluate major sources of C/N/P to river/estuary

· Some of the basic isotope work has cross-cutting applicability, others left to PIs

· Money/Personnel

· WBL can handle all of the sample processing, field logistics require attention

Bill Lindberg (UF Fisheries and Aquatic Sciences) 

· Science

· Pelagic productivity (tertiary consumers) in estuary and adjacent coastal ocean links to Suwannee River plume temporal variability in quality and quantity.  How does this effect compare in importance to the effect of benthic or sub-littoral seepage.

· Relevance

· The same question at many HOs (coastal watersheds) – comparison across HOs would allow effects of coastal physiography to be included in models

· Propagation of hydrologic and biogeochemical characteristics propagate through food webs – how does this effect organisms that are exerting significant top-down control within the ecosystem, and those that are economically important.

Jeff Chanton (FSU) 

· Science

· Assessment of contaminant degradation in different aquifers

· Evaluate GD-water flow paths and denitrification and P removal along them (Hyp: Denitrification occurs over shorter distances in surficial soil/sand than in deep aquifers, but process rates are the same, PO4 removal is faster in karst)

· Need conservative tracers for calibration along flow path (have equipment)

· Contaminated groundwaters affect surface water systems (spring, coastal waters)

· Relevance

· Comparison with other aquifers

· Global affects on N cycling – what are the sinks

· Data

· Individual PI not core data, specific targeted experiments

· Well fields (~5)

· Submarine groundwater discharge (SGD) rates and chemical characterization

· Money

· $100k per wellfield

· SGD another $100k/yr

Wendy Graham (ABE, UF) 

· Science

· Things that your mom cares about (re: hydrologic science)

· What is the hydrologic carrying capacity of the Suwannee Basin (with respect to quality, ecological integrity in groundwater, springs, rivers, wetlands, estuaries

i. Quantify water, biogeochemical and energy budgets at the basin scale – characterize the stores, fluxes, flow paths and residence times of water, nutrients and energy

ii. Quantify the quality/quantity needs of all users (ag, urban, industry, ecosystems)

iii. What are the effects of large scale perturbations (hurricanes, El Nino, climate change) on hydrology, water quality, ecosystems

· What are socio-economic tradeoffs of exceeding this capacity (urban, ag, industrial development; water transfers)

i. Characterize the socioeconomic response to system perturbations

· How does the trade-off between carrying capacity and development pressure vary between regions (vulnerability mapping?)

· What are the effects on carrying capacity of climate change

· How does current ag LU management affects water quality and ecological integrity on the groundwaters and springs of the Santa Fe watershed within the Suwannee Basin?

· Define the optimal pattern of landuse and management emphasis that exploits and responds to the specific geologic, hydrologic, and natural attenuation characteristics of the Santa Fe basin

· Data

· LU and management over space and time

· Measure water and nutrient losses from representative LU

· Measure spring water quality and ecology over time

· Tracer studies to determine flow paths and residence times

· Quantify important processes for nutrient transport, transformation, attenuation in groundwater/spring system

· Process info linked to integrated model to predict hydrology, water quality, ecosystem quality, socioeconomic response to alternative management and LU strategies.

J.J. Delfino (EES, UF) #1 

· Science

· Cycling of Hg in watershed – atmospheric precipitation from local, regional or global sources.

· Role of DOC in facilitating transport (high in SRB)

· Relevance

· Global problem with related issues at many other HOs

· Regionally significant issue for Florida, but most effort focused on Everglades – needs to be expanded because the data suggest it is equally problematic state-wide

· Data

· Core Hg monitoring data from throughout watershed (water, soil, sediment concentrations; precipitation rates

· Collaborative potential with atmospheric chemist (FSU) and meteorologist (UNF)

· Laboratory complexation studies, field experiments, microbiological assays

· Money

· Leverage fish data with Fish and Wildlife Commission

· Sample processing to be performed by investigators (shared effort with FDEP and USGS); labs at UF, FSU, FDEP, USGS

· Role of SRWMD/USEPA Region IV for leveraging funds

J.J. Delfino (EES, UF) #2 

· Science

· Influence of hydrologic variability on water quality/chemistry

· Effects of periodic high flow/low flow conditions (seasonal patterns, periodic drought, hurricanes) on humic material export from Okeefenokee – do changes in flow regime affect color/staining?

· Do storm/drought cycles have a role in maintaining the water quality in the SRB

· Relevance

· Look at a gradient of color influenced systems (SRB to high altitude low color river systems) and compare the effects of flow variability on water quality

· This has broad significance towards the ability to predict water quality from water quantity

· Data 

· Flow data at strategic locations (likely much more than currently in place)

· Add various water quality parameters to core data list (choose strategically to maximize variability in parameter concentrations)

· Money

· Some of the sampling may already be subsumed under agency budgets

· Chemical analyses (those in addition to the suite currently monitored)

· Time for interpretation of historical and incoming core data

J.J. Delfino (EES, UF) #3 

· Science

· Ground water surface water interactions affecting nutrient, pesticide, organic transport

· Is there parallel movement of xenobiotics (endocrine disruptors, Rx drugs) along with NO3 from groundwater to surface water

· LU change leads to greater intensity of use of these products (ag, septic tanks) and high DOC levels facilitate transport

· Links with CLEANER on septic tank/WWTP technologies specific to these compounds

· Relevance

· National issue of xenobiotic contamination, any research done in the SRB would have wide generality; USGS lead agency for research on this topic

· Fate and transport of these compounds is barely understood – global significance

· Data

· Part of any GW/SW sampling protocol, expensive testing costs (need skilled lab manager, expensive equipment GC/HPLC/MSMS)

· Not necessarily core data

Sarah Cruz (USF) 

· Science

· 1 - How does GW flow in unsaturated zone in karst.  Important for hydrologic modeling of drain fields, recharge rates, ag impacts.  

· Scaling – the HO could help image a carbonate aquifer at an unprecedented range of scales (conduits/factures to whole sub-basins)

· 2 - How variable in space are estuarine submarine gd water discharge rates?  Are these associated with ecosystem parameters?

· 3 - What role does mangrove salinization play on nearshore gd water flow – hypersaline water will affect salinity gradients and consequently fresh/saline water mixing regimes

· Relevance 

· SRB is an end-member in terms of unsaturated flow and nearshore flow pattern – complexities of conduit flow and spatial heterogeneity means that statistical characterization of carbonate aquifers lags fluvial aquifer systems

· SRB is ideal because tracer studies have already been done and can be built on; geology is representative of many flat karstic areas.  SRB has point and diffuse discharge

· Current EPA funding for SGD, numerous ecosystem studies in place

· Data 

· 1 - Geophysical data and tracers/field observations, 4-D ground penetrating radar over micro- to meso-scale to examine soil moisture/unsaturated groundwater flow

· 2 - Radon, methane, thermal and geophysical surveys coupled with seepage meters (seasonally) – some of this is already happening, but more would be needed

· 3 - High resolution surveys w/ mini-piezometer experiments (conductivity, temperature) – modeling density dependent effects of mixing, mangrove ecological survey (funding sought)

· Money

· 1 - 2 year, 2 PIs, 2 students ($300k) – some EPA funding pending

· 2 – 2 PIs, tracer analysis ($120k/yr)

· 3 – 2 years, 8 sites, 3 PIs, ($300k)

Andy Zimmerman (Geology, UF) 

·  Science

· Cycling of OM at the basin scale – what processes affect the flux of OM at different spatial scales and different physiographic regions

· Integrate observations of production, decomposition, (biotic and abiotic – with associated transfers from labile to refractory pools, microbial incorporation) and sequestration (deposition and/or adsorption) in various reservoirs

· At different scales (macro, meso, micro), what are the rates of OM transfer between dissolved, colloidal and particulate pools?

· 1 - What processes affect the flux of OM through the subsurface aquifer? (How much and fractionation of production, degradation, sequestration)?

· 2 - Linking hydrology and biogeochemistry, transport of chemicals and contaminants (behave like natural DOM), hydrological extremes (high and low flow DOM variability)

· Relevance

· SRB is ideal for many reasons (spatial extent is manageable, high DOM make changes easy to detect, DOM in this location is already a common analytical standard in the organic geochemical community, subsurface can be easily sampled due to the presence of wells and shallow aquifer and cave diving potential.

· SRB is the high DOM/high transformation rate subtropical end member for DOM measurements generally – strong potential for comparison

· Data 

· 1 – At every river site and every sample time: TOC/TON (dissolved, particulate, colloidal); chl a, inorganic particulates (amount, size, surface area) plus at 5-10 site 6 times per year OM compositional observations (amino acid, lignin, carbohydrates, lipids, lipid biomarkers)

· 2 –every site every time: TOC/TON, grain size/area plus OM compositional data above

· Money/personel

· Lab analyses ($30k/yr + $20k/yr supplies)

Jon Martin (Geology, UF)

· Science

· Surface ground water interactions (use of diff in chemical composition as a tracer)

· How water-rock interactions affect the chemical composition of the water and mass fluxed between subsurface and surface

· Groundwater in unconfined portion of SRB flows in large subsurface conduits resembling surface water more than ground water (chemical composition, physical processes like turbulence) whereas intergranular water has flow similar to Darcian aquifers (homogeneous distribution of porosity and permeability)

· SGD in Suwannee River estuary has two part: seawater recirculated through shallow sediments (marine component) and discharge from freshwater aquifers (terrestrial component).  SGD provides large amounts of N,C,P but the relative fractions of the two flows (quality and quantity) are unknown

· Relevance

· SRB is a end-member for these questions because it is likely the only HO with karstic carbonate aquifers/estuaries – the broader question of mixing between pools (mass flux) is general to all HOs 

· All science themes: 1) Changing water chemistry affects biogeochemical cycling/ecosystem functionality linkages, 2) Flows between pools affected by extreme events, 3) 1/4 of the world’s population gets water from karstic aquifers so addresses water resource sustainability at the large scale, 4) Eutrophication of nearshore waters

· Data

· Core data – time measurements of ground and surface water, chemical composition, high frequency observations of major and minor elements and isotopes to trace water flow along various flow paths.

· Concentrated observation in the middle reaches around springs; some strategic questions about where to sample in the estuary

· Money/personnel

· Will require dedicated personnel for sampling, laboratory analyses (including lab facilities)

· Many labs with capability, but labor support will be necessary.

 Jasmeet Judge (ABE, UF)

· Science

· Using remote sensing (esp. microwave frequencies) to provide input data for hydrologic, biogeochemical and/or crop models.  Focus on soil moisture and estimates of fluxes into and out of this pool (ET, recharge).  Also examine the flow paths.

· Improved prediction of hydrologic extremes for the regional models.

· Extension to visual, NIR, MIR, TIR bands using ground/airborne/satellite sensors.

· Assimilation at the watershed scale or smaller (individual land uses) – need to address how observations at different scale can be aggregated/disaggregated to be useful for modeling efforts.

· Relevance

· The generality of the assimilation algorithms allow wide use.  The specific calibrations will be useful only in the SRBHO, but the techniques have much wider applicability.

· Global efforts are underway to use these techniques to improve understanding of the global hydrologic cycle/budget

· Data

· Soil moisture, temperature, heat flux, ET and CO2, soil and veg sampling, ground based observations of active and passive microwave remote sensing

· Varying time scales (10-15 minutes, seasonal, periodic)

· Much of the RS data should be core data – some of the calibration data and more exotic forms are individual responsibility

· Money/personnel


· Need money for field visits and experimental set-up ($10k/yr) for three years.  This provides the observations to calibrate the remote sensing data (validation in subsequent seasons is also crucial)

Liz Screaton (Geology, UF) 

· Science

· Extreme precipitation events play a disproportionate role in aquifer recharge and contaminant transport.

· Relevance

· The SRB has three aquifer typres (surficial – Upper Suwannee, confined karst – Upper Suwannee and unconfined karst – Lower Suwannee) and receives hurricane/El Nino forcing allowing reliable study of extreme events (reasonable return times)

· The importance of understanding from three aquifer types makes this study more general and widely applicable

· Cross-cutting themes of prediction and limits to prediction (flows often used time averaged rainfall, ET, head which under represents the effects of periodic large recharge events)

· Data 

· Two scales – basinwide and focus areas (one each in upper and lower basin) with nested wells

· Core data – water levels, surface water discharge data, rainfally

· Individual data – high frequency chemical sampling during extreme events

· Money/personnel

· Data loggers, chemical analysis

· Labor for sampling

Henry Fuelberg (Dept. of Meteorology, FSU) 

· Science

· Peripheral involvement – developing a historical, high resolution rainfall database for Florida (including all of SRB), sponsored by FDEP.

· Product is hourly on 4x4 km grid linking radar-derived predictions with gage values.

· This data product would be available to any and all researchers under HO sponsorship

· Is being used to statistically describe rainfall patterns across SE (i.e., rain rate spatial layers)

· Relevance

· Clearly a forcing variable for almost all aspects of the HO effort

· Premier data product in support of other forms of core data (current and ongoing)

· Money

· The data are already available. However to make optimal use of it faculty and student time will be needed ($60-70,000 per year)

Gary Mahon (USGS) 

· Science

· Experience modeling ground water flow in the Floridan aquifer (particularly interaction between ground and surface waters in SRB plus flow and salinity in the Suwannee estuary) proposes research in to the appropriate use of porous media ground water flow models, ET, withdrawals and spatial distribution thereof, diffuse/spring discharges

i. Dual porosity codes better estimate hydrologic conditions

ii. Cave and fractures

iii. How variable is ET (can we use estimates from one area in another)

iv. Interest in satellite estimation of ET (ground based validation of ongoing efforts in satellite assimilation algorithms)

v. Better models for estimating ag water withdrawals

vi. Better estimate site-specific withdrawal rates

vii. What is the hydraulic mechanism for gw discharge to the gulf? How much?

· Cave mapping – develop methods of determining the distribution and quantity of smaller fractures (surface geophysical data, boreholes).

· Coastal salinity, water pressure and temperature data

· Relevance

· SRB is a good study area because is has highly variable land use, lack of groundwater development, and a large amount of baseline and ongoing data collection.

· Methodological similarity with research in other parts of the country

· Global concern of groundwater discharge

David Bosch (USDA-ARS, SEWRL) 

· Science

· How much water is used (ag, urban, industrial demand) and where does it come from (surface, ground)

· What is capacity to support these withdrawals?  Does some strategic combination of land uses best preserve natural hydrology and ecology of the basin (while providing for economic growth)?

· How do surface water bodies (isolated wetlands, irrigation ponds) throughout the upper basin affect surface water flows and groundwater storage?

· Relevance

· Fundamental questions of interest throughout the country (what is the sensitivity of a region to drought given water supply and water demand characteristics).

· The role of the SRB in the Gulf make it a nationally important question.

· Techniques to evaluate capacity and ecosystem resilience are globally needed.

· Data

· Better assessment of agricultural water withdrawals

· Basic surface flow, climate and groundwater data throughout the basin

· Money/personnel

· Dedicated staff for long period (10+ years) of 2-3 people.

· Significant instrumentation/equipment investment

Joel Lanier (WFO Tallahasse, NWS) 

· Science

· Hydrologic extremes related to water supply and flooding risk

i. Basic real time high resolution flood prediction (duration, stage, timing)

ii. Drought predictions of well productivity, water supply alternatives – at what point will human usage cause drought conditions

· Impact of groundwater conditions on crest heights and timing

· Relevance

· Needed in SRB and everywhere for municipal planning

· Data

· 3-D groundwater conditions and impacts to river flows in karstic areas

· Demographics for the basin and well water withdrawal in particular

· High resolution topographic data to understand alternative flow paths (e.g. Cow Creek)

· Underground mapping

· High resolution rain gage/stream gage network

· Lake level monitoring, ET monitoring (esp. as a function of plant biology)

· Distributed GIS model that links layers in a form that can be used operationally.

Brian Katz (USGS) 

· Science

· What abiotic and biotic transformations are occurring regarding nitrogen species in subsurface and river water under varied hydrologic regimes.

· How are degradation rates of herbicides, wastewater compounds, pharmaceuticals, related to hydraulic gradients, DOC, soil properties, microbial activity, climate etc.

· Relevance

· The SRB is an ideal place to study these questions – different hydrologic regimes (highlands dominated by surface water drainage, confined upper aquifer region, lower unconfined region, estuary) with temperate to sub-tropical climate, different DOC regimes, salinity gradients

· Global problem of nitrate contamination and the fate of “emerging contaminants” – related to issues of scaling, and to prediction/limits to prediction

· Data

· Water chem. For rain, soils, lysimeters, ground water, springs, surface waters, SGD (frequency will depend on media)  Mostly core data.

· Microcosm experiments on degradation, soil cores extracted and characterized for contaminants

· Money/Personnel

· Sample collection/analysis is expensive. Analytical work very expensive.  Some of the data could be leveraged using ongoing monitoring funds (federal, state, local)

Jennifer Cherrier & Lia Chasar (Env. Sci. Inst., FAMU & Florida Integrated Science Center, USGS)

· Science

· Assessing carbon and nitrogen flux between lower Suwannee River, estuary and the gulf.

· Transport and accumulation of Hg in these systems; evaluate Hg loading to fisheries in collaboration with FDEP

· Quantify fluxes and evaluate transformations using natural stable and radioisotope abundances

· Current paucity of C flux in these systems – need basic understanding of transport and transformation of C and N to understand the extent of exchange of production and contaminants (esp. Hg) between river, estuary and coastal margin.  Hg-methylation and bioavailability linked to C quality

· Large interannual variability in Hg body burden in largemouth bass (due to variability in delivery, changes in water chem., or fish migration?)

· 1 – What is the extent of C flux from the SRB into the Gulf (quantity and quality) and how does this compare with established flux estimates

· 2 – What are the nutrient dynamics of these systems and how do they relate to hydrologic variability (seasonal, episodic)

· 3 – does exchange between the lower river and estuary force interannual variability in fish mecury concentrations

· 4 –do changes in hydrologic condition influence this Hg variability in fish

· Relevance

· Fundamental questions driving research at the national and international level (coastal river interfaces – esp. om in aquatic systems: sources, characterization, distribution and enumeration)

· Changes faced by many watersheds (biogeochemical change and exchange in aquatic systems) due to climate change and development pressure (contaminant load)

· This is especially relevant in SRB because baseline data may be collected prior to development

· Data

· Seasonal measurements of DOC, POC, DIC, DON, natural isotope abundance (stable C,N, radioC) of these pools plus bacterial nucleic acids

· Incubation studies to evaluate bacterial remineralization of DOM in different systems

· Invertebrates, mid-trophic level fish, apex predators from measurements of stable C/N and Hg (done at FDEP for free)

· Money/personnel

· 5 year effort; summer salary for two FAMU faculty ($12k/yr)

· Technicians and grad students ($60k total)

· No new equipment, but require funding for isotope abundance analyses ($10k/yr)

· Material and supplies ($3k/yr); travel ($6k)

· Total to FAMU of $110k/yr (+indirect)

Matthew Cohen (SWSD, UF) 

· Science

· Themes: sustainability, linking hydrology and biogeochemistry, hydrologic influence on ecosystem functions

· Wetlands as indicators of basin condition – isolated wetlands in the upper basin, riparian wetlands along channels

i. Water quality effects, water quantity effects, ecological assessment

· Quantify the capacity of the system to absorb the effects of human development pressure (auto-purification potential)

i. Riparian soils and river sediments can act as useful indicators of watershed condition.  Further patterns of riparian soil quality can indicate recovery trajectories in river system (i.e. autopurification potential) that can aid in quantifying the ecological carrying capacity.  

ii. Characterize and quantify ecosystem community response to changing forcing (hydrologic alteration, changes in water chemistry, episodic events)

· Role of “vulnerable waters” in basin biogeochemistry and hydrology (primarily in headwater confined areas)

i. Loss of isolated wetlands adversely affects basin-scale hydrology and biogeochemistry by losing the ability to support denitrification, P sequestration, OM accumulation)

· Relevance

· SRB is ideal to study vulnerable waters because they are present in abundance, both types are present (isolated wetlands and intermittent streams) and they are under threat of development.

· The research theme of vulnerable waters is nationally significant with efforts ongoing to quantify the role these systems have on larger basin processes.  Tools developed in a region where there is still a relatively intact landscape of wetlands and documenting the changes as they are removed will provide significant information that can guide management and conservation nationally (i.e., in other HOs)

· Data

· Field observations of ecological condition in isolated wetlands, riparian wetlands, headwater streams

· Soil quality in wetlands (isolated and riparian) using NIRS (10,000 samples/yr ~$25k)

· Money/personnel

· Field personnel, logistics (2 technicians with botanical skills) ($30k/yr)

· NIR spectroscopy technician ($20k/yr)

· UF Research Scientist ($10k/yr)

· Two graduate students ($50k/yr)

William Mitsch (The Ohio State University/UF?) 

· Science

· Themes: role of pulsing (episodic events) on riparian ecosystem function; contrast pulsing regimes in Suwannee (summer) with Ohio (winter/spring).

· Role of headwater wetlands (and Okeefenokee) on regulation of stability of river systems (water quantity and biogeochemistry).  Understanding the role and discerning effective management of the Okeefenokee “bladder”.

· Relevance

· The SRB as a contrast basin with others around the country (in particular the Ohio [Olentangy in particular] and the lower Mississippi River [Canaervon diversion]); both systems have flod regimes that are different from the Suwannee and understanding how pulse timing affects riparian system function is a critical science question.

· Broader issues of pulse stability, feedbacks between adjacent wetlands and river, interactions between changing hydrologic regimes and changing carbon dynamics are broad scientific challenges that can be addressed within the context of the SRB (low development) and provide an important reference for more developed basins and for those basins with different hydrogeomorphology.

· Data

· 5 riparian research sites (stage recorders, water quality instrumentation, groundwater flow sensors)

· Outfit adjacent wetlands to assess ecological and hydrological responses to change

· Select research sites for the gradient of SRB conditions

· Personnel/Money

· Funds for Mitsch, John Day (LSU), Li Zhang (OSU) and 2 grad students

· Approx. $70k for Suwannee basin + $30k for similar instrumentation at comparative river study sites

Mike Annable (UF Env. Eng. Sciences) 

· Science

· What spatial and temporal monitoring scales are necessary to evaluate the effects of human influences on nutrient loads to river systems.

· Hypothesis: the scale at which the effects of elevated loads must be characterized are equal in magnitude to the area of the landscape contributing to the loads.  Temporal scales are defined by the relationship between load functions and the residence time/load transitions in the river system.

· Relevance

· Need a large system with varying hydrogeologic conditions and nutrient loads – the hypothesis requires large areas for effective testing. 

· The SRB is an ideal location because of the presence of multiple hydrologic regimes, variable loading intensities.  The absence of flow control provides an opportunity to test this hypothesis prior to alterations in flow regimes.  Enrichment with time offers an additional scientific advantage (the temporal scales for load dynamics will be changing through time allowing additional evidence concerning the hypothesis).

· Addresses scaling issues in water quality modeling

· Data

· Detailed water quality monitoring at many stations throughout the basin; the requirements would likely exceed the scope of core data.  The core data that are implemented (presumably nested within the entire basin) can be augmented with higher resolution (spatial and temporal) data collected during periods and in areas of particular additional interest using funds leveraged with the core data capability.

· Widespread use of surface water passive flux meters for long-term measurement of water quality and flow in river systems (this technique was developed at UF)

· Money/Personnel

· Core data for water quantity ($1000k for infrastructure, $500k for monitoring) plus water quality.

· Enhancement data likely about $200k per year, with an expected time frame of 5 years.

· Leveraging funds from USDA, EPA, DEP for this enhancement data.

Eric Triplett (UF – Microbiology and Cell Science) 

· Science

· Microbial diversity of aquatic habitats – highly variable in time and space and driven in tannic water systems by predation and competition with algae and zooplankton
· Where in the salt gradient of an estuary does the population size of SAR11 (marine surface water) begin to rise and that of the ac1 cluster (freshwater dominants) begin to fall?   What other chemical characteristics of water in this transition zone are correlated with this important biological change? 

· How will natural and man-made disturbances in this watershed affect the physiological and taxonomic diversity of bacteria across the salt gradient over time and space?

· What is the microbial diversity in the highly oligotrophic springs of this watershed for heterotrophic bacteria?  

·  What is the mobility of contaminating bacteria in the watershed?   How do natural and manmade disturbances influence this mobility?
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