To: People interested in the Suwannee River Hydrologic Observatory

From: Jon Martin, jmartin@geology.ufl.edu
December 1, 2004

The following questionnaire requests information about what science you would like to include in the Suwannee River Hydrologic Observatory.  Please complete the questionnaire and return it to me by December 15, 2004.  A small group of us (the “hypothesis development team”) will sort through the information and attempt to separate the ideas into major overarching themes to present to all participants at the plenary January meeting.  Information from this questionnaire will serve as the backbone for the proposal.  

As a reminder, the science topics and cross-cutting themes that CUAHSI (and NSF) sees as important for the observatory network to address include:

Science Topics:

· Linking hydrologic and biogeochemical cycles

· Hydrologic Extremes

· Sustainability of water resources

· Transport of chemical and biological contaminants

· Hydrologic influence on ecosystem functions

Cross-cutting Themes

· Scaling

· Forcing, feedbacks, and coupling

· Predictions and limits-to-prediction

Also, the Neuse prototype recognized that all hypotheses required the characterization of four basic properties of the catchment:

1. Mass in each “store” of the catchment

2. Residence time within stores

3. Fluxes between stores

4. Flowpaths among the stores

As you answer the following questions, please consider how your proposed science and role in the Suwannee River Hydrologic Observatory fit with these topics.  Do not feel constrained to stick solely with these topics, however; if you think of other broad categories, please suggest them as well.

Short answers, even written in outline form will help more than no answers.  Right now we are looking for ideas and thoughts, not fully developed proposals  Do not feel obligated to answer all questions if they do not pertain to your interests.  Thanks for your help; the more we can do now, the more competitive our proposal will be.

Jon

Suwannee River Hydrologic Observatory Questionnaire:

December 3, 2004

Name: Jim Sickman

Affiliation: SWSD
(1) What science questions and/or hypotheses would you like to address within the Suwannee River watershed?  Please be specific about how and why the Suwannee River would be a good place to study these questions/hypotheses and if they pertain to the entire watershed or just a part (e.g. estuary, unconfined lower river, confined headwaters).

General Question: The role of small streams in biogeochemical processing of C, N and P from terrestrial sources.

Given the rapid change of landuse, the SRB provides excellent opportunities to examine the linkages between landuse and water quality and effects on aquatic ecosystem function such as algal blooms in springs and trophic interactions between terrestrial organic matter and aquatic foodwebs. An overarching question that needs to be answered is: “How will changing land-use (agricultural, forest, wetland and urban) alter C, N and P sources, forms, loads, timing and fate in the aquatic ecosystems of the Suwannee River Basin (SRB)”? While much work has been done on, for example, effects of agriculture on N loads to aquatic ecosystems (like rivers and estuaries), much less is known about the water quality impacts in small streams at the rural/urban interface where ag and natural areas are being converted to urban uses. Recent studies have shown that water quality in rivers and estuaries is largely determined by processes taking place in smaller tributary streams. For example when compared to large rivers, small streams (and I would include manmade drainage systems as well) typically have higher rates of nitrogen and phosphorus assimilation by algae and emergent vegetation and higher rates of denitrification (see Peterson et al. 2001 in Science). Also, with the future of water quality management being driven by TMDL regulation we need a quantitative understanding of how landuse changes alter fluxes of C, N and P to aquatic ecosystems, but most monitoring being done now tends to be focused on larger water bodies. Previous work has often found it difficult to relate landuse to water quality in rivers and I believe this is partly because most of the processes determining water quality are taking place in smaller streams, drainage canals and ditches that receive the runoff first.  Overall, I believe that small streams are a critical gap in our understanding of C,N, and P cycling at the landscape scale.

Another landuse question I would like to ask is: are there thresholds of landuse change that can be determined for C, N and P flux from land to aquatic systems? Basically, can we predict how much landuse change can take place before seeing a negative effect on water quality? These changes would include the suitability of water resources for both human (e.g., drinking water) and ecosystem use. While this question can be addressed at nearly every HO, I think we have an opportunity to examine how karst hydrology modulates the effect of landuse change through changing flowpath length and routing of runoff through areas of intense biogeochemical processing (like wetlands and riparian zones). Modeling will certainly be a key to answering these questions, but, I believe, it will require greater knowledge of biogeochemical and hydrologic processes in small streams to be successful.

Examples of specific questions that testable hypotheses can be derived from:

A. What are the critical loads of N and P responsible for microalgal blooms in karst springs of the SRB?

B. What are the major sources of nitrate and phosphate to aquatic ecosystems in the SRB and how do these sources change as we move along the hydrologic gradient of the SRB and along stream orders?

C. What are the major sources of dissolved organic matter to aquatic ecosystems in the SRB and how do these sources change as we move along the hydrologic gradient of the SRB and along stream orders?

(2) Would your science questions/hypotheses extend across a hypothetical observatory network consisting of the Suwannee River watershed and perhaps four other watersheds distributed around the country?  If so, how?  Please be specific about how and why the Suwannee River would be an important part of the hypothetical HO network necessary to study these questions/hypotheses.

This science question can easily be integrated into a cross-network study.  For example how does climate, geology, hydrology and disturbance frequency affect the role of small streams in determining C,N, and P flux to rivers and estuaries? Does climatic, geologic and hydrologic variation affect thresholds of effect for landuse change?  The Suwannee would be an important part of these types of comparisons due to its unique karst hydrology, sub-tropical climate and variety of disturbance patterns (i.e., there are not many places that experience flooding and forest blow-down by hurricanes and wildfires).

(3) How do your specific questions/hypotheses address broader science issues, i.e. do they have global implications?  These broader issues could come from the listed cross-cutting science topics and cross-cutting themes or could relate to other topics that you may suggest.

I think studying the interactions between landuse and biogeochemical processes in small streams along the SRB hydrologic gradient and along stream order gradients will address the following science areas:

· Linking hydrologic and biogeochemical cycles

· Sustainability of water resources

In addition I think this type of study could make fundamental contribution to the cross-cutting topic of scaling of C, N and P biogeochemistry. If the study was done across the network then I think it would also address the cross-cutting theme of forcing of C,N and P cycles by climate and disturbance.

(4) What kind of data would be required to address your questions/hypotheses?  Be as specific as possible about the scale, frequency, and resolution of the sampling needed.  Describe the data as either core data collected by the observatory and immediately disseminated to the community or individual investigator data collected by a principle investigator with extramural funding but using facility infrastructure.

To answer my science questions will require a synthesis of water quality and hydrologic data already being collected, coupled with more intensive/specialized monitoring of water quality and flows in a set of SRB subcatchments that are slated to undergo landuse alteration (i.e., large-scale housing development on ag lands or areas of wetland/forest).  We need to make an effort to extend intensive monitoring to representative types of smaller streams either through real-time water quality monitoring or manual sampling. To scale up we can use environmental isotopes of C,N and P (i.e., DO14,13C, 15N18,17O, P18O4) coupled with end-member mixing analyses to determine the major sources of C,N and P to the river and estuary. Of course a coupled hydrologic-hydrochemical model of the Suwannee River, incorporating explicit knowledge of biogeochemical effects of landuse and small streams, is the eventual goal. Calibration and validation of these types of models is typically done using standard water chemistry, but the addition of radio- and stable-isotopes can be extremely useful in this process. For example, I’ve found that DOC concentrations in a river-estuary system can be well modulated yet radiocarbon analyses suggest rapid turnover of the DOC pool is taking place.

Given the widespread use of stable isotopes I think it would be reasonable for the HO to assume some of the responsibility of measuring these parameters at a subset of water quality monitoring stations and in precipitation. Certainly DH and 18O of water will be needed for hydrograph separation, studies of water utilization by plants, residence time (ala Frederickson GC, Criss RE. Isotope hydrology and residence times of the unimpounded Meramec River basin, Missouri. Chem Geol 157(3-4):303-317 (1999), and for tracing flowpaths.  Nitrate isotope measurements are getting easier all the time and provide an excellent means to resolve sources of this most important of nutrients in the SRB.  Other isotopic measurements like DO14,13C and P18O4 are probably best left to individual PIs.

(5) What resources (time, money, personnel) are needed to collect data to address the science questions and can any data be leveraged for the observatory?  This question will be important when we start to develop a budget for the observatory.

Water sampling can be accomplished by a combination of: 1) existing water quality programs (USGS etc.), 2) establishment of monitoring sites on small streams in areas of changing landuse and 3) involvement of local communities in sample collection.  In terms of resources, the Wetland Biogeochemistry Laboratory is fully capable of handling all nutrient and isotopic analyses for the observatory.

(6) What type of Education/Outreach activities do you envision for the results of your science questions or are you interested in developing Education/Outreach activities that stand alone from specific science questions?

I think there are many opportunities to involve communities in the sampling of small streams at the urban/rural boundary.  Many people move to these areas to be in a more natural environment and it’s likely that the SRBHO could foster local creek groups to assist in sample collecting and monitoring.

(7) If you do not have specific science-driven topics, but wish to be involved in the observatory, please explain what your interests are and how you might interact with the observatory.

