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B. TOPIC QUESTION: Ecological effects of nutrient enrichment
Determine how biological communities and processes respond to varying levels of nutrient enrichment among agricultural streams from contrasting environmental settings.  

C.  OBJECTIVES AND HYPOTHESES (H)
1. Determine the relations between biological communities and nutrient conditions in streams from contrasting agriculturally dominated environmental settings.

H1:  
Biological communities respond to a gradient of nitrogen and phosphorous enrichment, with the nature of the response (i.e. threshold) differing depending on biological interactions with stream hydrology and habitat in different environmental settings.  

H2:  
The relative dominance of benthic and seston algae in agricultural streams influences ambient nutrient concentrations, water-quality processes such as organic enrichment and resource partitioning, and the structure and function of aquatic organisms.  

H3:  
Stream habitat complexity has a greater influence on biological communities in agricultural streams where nutrients are above saturation concentrations.   

2. Evaluate the relations between nutrients, algae, and stream metabolism at the watershed scale.

H4: 
Stream metabolism differs as a function of gradient of nitrogen and phosphorous enrichment.
H5:   
Stream metabolism differs as a function of physical factors (hydrology, land use, riparian buffer, canopy cover). 

3. Determine the interactions of algae, stream metabolism, and nutrient dynamics at the reach scale. 

H6. 
Streambed geomorphology and alluvial hydraulic conductivity influence the mixing of stream and substream waters (hyporheic delineation) across regional landscape units.

H7. 
Surface-subsurface exchange (the quantity of stream water passing through the hyporheic zone relative to the quantity of water moving down the channel) influences inorganic nitrogen transport down the channel and whole stream metabolism.
H7. 
Heterotrophic (respiration) and chemolithotrophic (nitrification) microbial processes in the hyporheic zone and stream benthos influence porewater oxygen content and terminal electron accepting processes.

H8. 
Heterotrophic (respiration and denitrification associated with mineralization of dissolved and particulate organic matter) and chemolithotrophic (nitrification) microbial processes in the hyporheic zone and stream benthos influence inorganic nitrogen transport down the channel.

H9.  
Whole stream metabolism (photosynthesis and respiration) associated with benthic and sestonic communities influence inorganic nitrogen retention in the channel.

4. Determine the extent to which biota and nutrient relations can be regionalized using large-scale coverages of environmental factors.

H10: 
The biological integrity of a stream is dependent on the environmental characteristics of its watershed (regional characteristics), the habitat characteristics (site-specific characteristics), and the water quality in the stream.  

H11: 
GIS coverages of specific environmental factors can be used to subdivide large areas into zones with streams having similar biota/nutrient relations.

H12: 
Within a specific environmental zone, the biological community of a stream is dependent on site-specific habitat characteristics and water quality. 

D. SUMMARY OF APPROACH
The effects of nutrient enrichment was identified as an important topic for Cycle II  by the National Integration Team. While nutrients have long been identified as a substantial water quality issue, the recent emphasis by the EPA on developing regional nutrient criteria, as well as nutrient TMDLs, has increased the overall need for understanding the effects of nutrients on ecological systems and water quality. Cycle II NAWQA is in a unique position to assist the EPA and other agencies in providing data and an understanding of these relationships thru various components of cycle II, including status and trends, the Urban Land Use Gradient (ULUG) study, and the Nutrient Enrichment Effects Team (NEET). All three components of cycle II will be collecting and analyzing nutrient and biological data from a wide range of sites around the country, and therefore will together provide a more complete understanding of how nutrients affect the ecology of streams. Furthermore, the NAWQA Ecological Synthesis Team (EST) is presently involved in an extensive analysis of Cycle I data which will provide the foundation of many of the Cycle II studies. 

The primary objective of NEET is to determine how biological communities and processes respond to varying levels of nutrient enrichment among agricultural streams from contrasting environmental settings. In order to accomplish this, NEET will select a range of agricultural settings that contain a gradient of nutrient conditions from non-point agricultural activities. Environmental factors to be considered in site selection will include hydrology, water source, geology, soils, and other major features that influence nutrient conditions and biological response (Figure 1). Existing data will be used to initially characterize agricultural practices, hydrologic conditions, nutrients, and biological communities. In order to understand the influence of nutrients to biological systems, NEET has developed approaches to address our four objectives. Objective 1 will be addressed by selecting multiple sites within each study unit that reflect a range in nutrient conditions. National NAWQA analysis has demonstrated that N loading to the land surface is significantly related to mean-annual N concentrations in streams. This loading, which is available from national data bases by county, may be a useful surrogate to define a potential range in nutrient conditions in streams previously unsampled. These sites will consist primarily of synoptic sites, with basic and intensive sites nested within each study unit. This design will permit us to determine the interaction of biological communities (algae, macrophytes, invertebrates) to nutrient conditions among varying agricultural settings. Objective 2 will address stream metabolism and nutrient conditions at a large scale by collecting the data at the same sites as Objective 1. Objective 3 will assess the relations between nutrient dynamics, algal uptake of nutrients, and nutrient dynamics. This study will be done at a single reach in each study unit, with some of these reaches overlapping with the ACTS sites. This will permit us to determine how community function (stream metabolism, nutrient uptake, response) and nutrient processing interrelate. Objective 4 will center on the extrapolation from the study findings to other sites, particularly in light of the various regionalization approaches proposed (hydrologic regions, nutrient ecoregions). This objective will rely on data collected from objectives 1 and 2. This will provide critical information to the EPA and other management agencies in their development and implementation of nutrient criteria. NEET also proposes a series of additional studies that would provide a more complete understanding of nutrients and biological communities in agricultural streams. 
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Fig. 1—Conceptual model of algal-nutrients relations and other functional factors and processes.  (adapted  from S.D. Porter)
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F.  RELEVANCE TO NATIONAL AND REGIONAL WATER QUALITY
National and regional water-quality issues and policies
The National Water Quality Inventory: 1998 Report to Congress (USEPA 2000a) cites nutrients (nitrogen and phosphorus) as the third leading cause of water quality impairment in our Nation's rivers, lakes and estuaries.  Of the 23 percent of the Nation’s total river and stream miles assessed by States and Tribes, 30 percent were impaired due to nutrient enrichment and 39 percent were impaired due to siltation.  Agriculture was the leading source of pollution in the assessed streams contributing to 59 percent of the reported water-quality problems in impaired rivers and streams.  Agricultural influences on stream quality also was documented in NAWQA Cycle I findings about nutrients concentrations in rivers and streams (Fuhrer et al. 1999).  These findings are not that surprising because 41 percent of the continental United States is used for agricultural production.  Cropland accounts for about 46 percent and pasture and rangeland another 43 percent of the agricultural land (1997 USDA Census of agriculture).  Nutrients have also been implicated with the hypoxia zone in the Gulf of Mexico, along with problems related to Pfiesteria induced fish kills and human health problems in several Eastern states. The national response to the nutrient problem has been limited primarily because of the scale of the problem and the tremendous variability of nutrient conditions, both natural and cultural, throughout the nation. 

Presently, the only national water quality criteria in existence are for nitrate nitrogen.  In 1976, in USEPA's publication entitled Quality Criteria for Water (also known as the Red Book), USEPA presented ambient water quality guidelines and criteria for nitrates, nitrites and phosphorus. The criterion for nitrate nitrogen was 10 mg/L for the protection of domestic water supplies for the protection of human health.  The nitrate criteria were intended to prevent overenrichment and to protect human and animal health. National criteria have not been established for total phosphorus or total nitrogen in streams.  The USEPA has established a desired goal of 0.1 mg/L total phosphorus for the prevention of nuisance plant growth in streams and other flowing waters not discharging to lakes or impoundments (USEPA 1986). 

Urgency for addressing national and regional issues

Under mandate of the 1998 President's Clean Water Action, USEPA will establish nutrient criteria that reflect the different types of water bodies that occur throughout the country and will assist States and Tribes in adopting numeric water quality standards based on these criteria. The U.S. EPA is presenting a National strategy which describes the approach the Agency will follow in assembling nutrient information and working with States and Tribes to adopt regional nutrient (nitrogen and phosphorus) criteria as part of State water quality standards.  Reasons for nutrient criteria include (1) aesthetic impairment, (2) interference with human use, (3) negative effects on aquatic life, and (4) excessive nutrient input into downstream ecosystems (Dodds and Welch 2000).  The strategy presents over enrichment assessment tools and recognizes current capabilities for conducting these assessments at the regional watershed and waterbody levels. The major focus of this strategy is the development of waterbody-type technical guidance by the year 2001. Once waterbody-type guidance and nutrient criteria are established, EPA will assist States and Tribes in adopting numerical nutrient criteria into water quality standards by the end of 2003.  The specific water bodies include (1) lakes and reservoirs, (2) streams and rivers, (3) estuaries and coastal waters, and (4) wetlands.

Major elements of USEPA’s strategy include the development of nutrient water quality criteria guidance in the form of numerical regional target ranges, which USEPA expects States and Tribes to use in implementing State management programs to reduce over enrichment in surface waters, i.e., through the development of water quality criteria, standards, NPDES permit limits, and total maximum daily loads (TMDLs).  The USGS already has provided considerable technical assistance to this program by providing consistent and comparable nutrient data and analysis (Sorenson et al. 1999, Porter 2000, Clark et al. 2000, Alexander et al. 2000, Robertson et al. 2001, and Mueller [written communications]).  USEPA and responsible States and Tribes anticipate additional information that would be gained through this NAWQA topical study on the effects of nutrients in streams. Specific examples for rivers and streams that were noted by Stoner from the USEPA Nutrients Criteria Development meeting held June 25-26, 2001 included:
· Data (physical, chemical, and biological) particularly for rivers/streams and wetlands. 

·  Periphyton data were identified as one of the most important gaps in the data.

· Physical classification ideas for rivers and streams relevant to algal-nutrients relations.

· Biological response to nutrients conditions in a variety of environmental settings.

· Data and analysis dealing with seasonal variability in nutrients and biological response in rivers and streams.
· Technical validity of using artificial substrates for representative periphyton sampling.  
Priorities and relevance for participating study units

The current set of Study Units in this topical team represents a large variety of stream nutrient conditions from several major agricultural settings throughout the United States according to NAWQA statistics on mean-annual concentration of nitrogen and phosphorus.  Based on average conditions from agricultural sites and in the NAWQA trends network, nutrient concentrations within these Study Units span the range observed for all agricultural sites from the entire Cycle I network.  Also, the spectrum of hydrologic landscapes and agricultural practices should yield useful information regarding a variety of mechanisms for delivery of nutrients to streams in agricultural basins ranging from continuous base flow to shorter-term event-driven runoff.  In the East for example, where crop and animal production occur in areas with highly permeable soils and subsurface materials, nutrient fluxes to stream may be dominated through slow ground-water discharge to streams of low turbidity and relatively high shading.  Physical, chemical, and biological processing of nutrients and the associated biological effects may be much different in the PODL as compared to ABLE streams. For example, the ALBE contains very high concentrations of organic carbon in both ground and surface water as well as natural sources of phosphorus that lead to a greater propensity for denitrification and nitrogen uptake than are found in other basins in the East (Nolan 1999). In fact, Nolan (1999) reported a pattern of denitrification in ground water of coast-plain sediments in the ALBE study unit, which also can influence nitrogen concentrations in hydraulically-connected streams of the region.  In the Midwest, where intensely farmed areas of corn and soybeans commonly occur in combination with poorly permeable surface and subsurface materials, the nutrient fluxes to streams are large dominated by surface flow and artificial drainage to highly turbid streams.  The variety of soils and nutrient fluxes vary considerable among the WHMI and WMIC units, however, resulting in a variety of sediment and biological responses.  In the Great Plains, wheat and other grains and irrigated corn and soybeans are produced atop permeable surface and subsurface materials, and groundwater commonly is the dominant mechanism for nutrient delivery to poorly shaded streams with seasonally high turbidity.  Withdrawals and return flows for irrigation in the Platte River Basin of the CNBR and SPLT study units directly influence nutrient and sediment transport, flow variations (via surface and ground water discharge), and biological habitat in streams.  In the more arid West, intensive production of grain, fruits and nuts, vegetables, and specialty crops has been associated with significant modification of the hydrologic system to provide water to grow these crops. These modifications in concert with a variety of irrigation, drainage, and fertilization practices result in a complex delivery of nutrients and sediment to associated streams generally with limited shading.  The hydrologic management, however, varies significantly between the SANJ and CCYK, which may influence the resulting biological response.  

Priority scientific issues

Dodds and Welch (2000), primary architects of the USEPA technical guidance of nutrient criteria development in streams and rivers, stated that many factors can regulate primary producers in streams, including nutrient availability, hydrodynamics, grazing, turbidity, riparian shading, and other human impacts, such as addition of toxic compounds, introduced species, and watershed development.  Nutrient inputs are usually the most effective management factor.  As evident from Cycle I, stream ecosystems in agricultural watersheds respond to a complex suite of interacting disturbances of which nutrient enrichment is only one.  In order to advance the scientific basis for establishing or refining numeric nutrient regulatory standards, it is important to understand how and physical disturbances interact with nutrients to influence stream ecology and chosen indicators of biological status.  For example, it is important to investigate the efficacy and variation of measures, such as chlorophyll a, that are proposed for routine stream monitoring.

Unlike lakes and reservoirs, the relation between nutrients and primary productivity in streams and rivers is poorly understood because of the variety of physical, chemical, and biological processes operating within the Nation’s agricultural basins.  Modeling and extrapolation of site results to broader areas is particularly challenging scientifically, but an issue of significant interest to local and regional authorities charged with managing nutrients to improve stream quality.

The following are examples of hypotheses that may be selected for further development and to be used as guidance for study design and implementation.

· Rates of change in community structure (i.e. composition and dominance) and function (i.e. stream metabolism) are greatest at low nutrient concentrations. As nutrient enrichment increases, thresholds may exist above which further changes in biological condition cannot be detected.

· Nutrient enrichment and habitat disturbance co-vary and are positively related to the ratio of sestonic (in water column) to benthic production. Although benthic production may dominate in undisturbed, wadable streams, sestonic production increases with nutrient enrichment and habitat simplification. In non-wadable streams, indicators or measures of sestonic, rather than benthic, production may be more sensitive indicators of biological condition.
· Responses of biological indicators of enrichment vary regionally requiring regional scaling of biological response measures.

· Productivity (stream metabolism) is a better indicator of the effects of nutrient enrichment (i.e. the process of eutrophication and organic enrichment) than standing crop Although regulatory agencies, such as EPA, need simple tools for nutrient criteria evaluation.    

· Understanding chemical and environmental/habitat effects (such as carbon flux and turbidity) is critical to interpreting the effects of nutrient enrichment.

· The biotic response to nutrient enrichment varies as a function of turbidity, streamflow, grazers (invertebrates and fish) and habitat characteristics. 

· The primary environmental factors influencing non-nutrient water quality characteristics (i.e. turbidity) can be used to regionalize the biotic response to nutrient enrichment. 

G. RELEVANCE TO NAWQA SCOPE AND DESIGN

Through NAWQA Cycle I occurrence and distribution surveys a consistent framework for assessment of nutrient and biological response has been established for a national spectrum of environmental settings and flow regimes in streams draining agricultural areas.  A systematic review of National data by Mueller et al. (1995) showed significant relation of land use to nutrient concentrations in rivers and streams, particularly with agricultural land. Preliminary analysis of NAWQA data showed that in 372 streams draining predominantly cropland areas, mean annual discharge ranged from 5 to 1,000 ft3/s with mean annual concentrations of total nitrogen ranging from 0.5 to 16 mg/L and of total phosphorus ranging from 0.03 to 1.0 mg/L.  Many of these monitoring sites were also nested within much larger basins having mean-annual discharges that exceeded 20,000 ft3/s, which had nutrient concentrations that persisted downstream from the smaller agricultural drainages. 

NAWQA role compared to other programs

The NAWQA Program has among one of the most nationally consistent and richest data sets for stream nutrients, stream habitat, and biological data in the nation.  Continued analysis of these data will provide a firm basis for further research in the relations between stream nutrient levels and biological communities. These types of comparable data are critical for sorting out the effects of natural and anthropogenic variability in nutrient conditions and their effect on algal-nutrient relations.  Furthermore, the landscape characteristic data, such as land use, assembled as part of NAWQA Cycle I will be useful in identifying land-management decisions that would provide the greatest improvement in stream quality relative to nutrient over enrichment.  Over one-fourth of the sites sampled are considered medium-sized streams (less than 300 ft3/d mean-annual discharge), which can be compared across a large spectrum of agricultural land areas and nutrient use. However, it should be noted that while the NAWQA database is extensive, there is a need for additional sites located in underrepresented regions. NEET will therefore fill an important need in regards to site numbers and distribution. 

The rich NAWQA data on nutrients and biology collected at a few national sites with considerable ancillary data can be compared and add value to less comprehensive data, such as nitrate, phosphorus, chlorophyll a, and turbidity, collected across many more sites by State and local agencies.  

The goal of the U.S. EPA Environmental Monitoring and Assessment Program (EMAP) is to determine the ecological status of surface waters throughout the United States. In order to accomplish this, EMAP uses a probabilistic sampling design to select sites with specific characteristics. Data collected at each site includes physical habitat, nutrients and other commonly measured field parameters, and biological communities (algae, benthic invertebrates, and fish). While EMAP and NAWQA differ in design, there are many situations where the data from both programs will compliment each other. EPA is also intensely involved in the development of nutrient criteria in streams, with criteria being set within a regional perspective. An example of this effort is from EPA Region VII, in which there is presently a multi-agency workgroup that have identified potential reference sites and are presently collecting data from these and other sites.   
Cycle II themes and the source-transport-receptor model
The nutrient-enrichment effects topic will focus on the receptor part of the source-transport-receptor model by addressing the effects of nutrient enrichment on stream aquatic biota.  This study would be incomplete without considering linkages to the nutrient management and nutrient flux mechanisms associated with agricultural practices in different environmental settings.  Some of the Cycle II themes addressed by this study therefore overlap with source and transport issues.  These issues will be addressed by considering knowledge gained through Cycle I findings and by collaborating with ACTS, ULUG, NRP, Districts, and other agency activities. 

This topical study addresses the overall receptor theme of effects on stream ecosystems as described in the Study-Unit Design Guidelines for Cycle II of the NAWQA (November 2000) which includes the following objectives:

· Objective U13--Ecological effects of nutrient enrichment: Evaluate the relation between community structure and trophic dynamics among streams receiving varying levels of enrichment from allochthonous C, N, and P, and,

· Objective U14--Ecological effects of habitat modification: Characterize and evaluate the relation between stream flow characteristics, physical habitat and community structure.

Other theme objectives associated with these receptor issues are: 

· Objective U11--Hyporheic zone ground-water/surface-water interactions: Increase understanding of the role of the hyporheic zone on the transport and fate of contaminants in both ground water and surface water [as these relate to stream ecological processes], and,
· Objective U15--Evaluation of empirical extrapolation and forecasting models: Develop, evaluate, and improve empirical models for spatial extrapolation and forecasting using statistically based methods.  [An example would be the study conducted for USEPA Region V and VII by USGS (Robertson et al. 2001).  That study used GIS and regression-tree analysis to estimate reference water-quality conditions for unmeasured geographic areas based on knowledge of natural characteristics of the land and hydrologic system, and our understanding of governing processes.]

Cycle I Results

Team members from Study Units and national synthesis have primarily assessed and analyzed data regarding nutrient sources and conditions in streams and rivers draining predominantly agricultural basins in a large variety of hydrologic environments across the nation (Alexander and Smith 1990, Puckett 1995, Puckett et al. 1998, Fuhrer et al. 1999).  Nitrogen and phosphorus conditions (concentrations and yields) have been summarized on an annual basis for 372 basins for the Study Units started in 1991 and 1994, which represent the bulk of agricultural studies available from Cycle I study areas (NAWQA nutrients synthesis Web page).  The range in nutrient concentrations for the Study Units involved in the 2001 group of nutrients enrichment candidates spreads fairly completely across the range identified within the Cycle I investigations.  Other national analysis of nutrient conditions include systematic extrapolation of nutrient data from NASQAN and basin characteristics through application of the USGS SPARROW model (Smith et al. 1997).  This model uses statistical regressions to relate average annual nutrient concentrations and loads to basin characteristics, such as nutrient inputs, land use, soil type and drainage. The SPARROW model was used to further develop the hypothesis that denitrification is stream-size dependent and may be a significant feature in estimating downstream effects of nutrient transport (Alexander et al. 2000). Nolan et al. (1997) extrapolated from NAWQA data an estimate of the regions in the Nation where nitrate concentrations are potentially highest in surficial aquifers. Such spatial information may be useful for selecting stream environments where ground-water nitrate may influence the benthic communities. 

Regional analysis by Sorenson et al. (1999) and Robertson et al. (2001) have documented the variability of nutrient conditions, some biological effects, and important controlling factors within the intensely farmed Midwestern Cornbelt. A number of individual Study-Unit investigators have completed or are continuing with analyses of relations between nutrient conditions and algal communities and primary production. 
A significant amount of nationally-synthesized nutrients and biological data collected from Cycle I are poised for analysis concurrently with the planning of this topical study.  These include an analysis of nutrient trends at Cycle I fixed sites which had historical nutrient data prior to NAWQA data collection (about 80 sites), analysis of ecological structure and function for the Midwest Cornbelt regional synoptic study, and analysis of the relations between algal communities and nutrient conditions for all NAWQA fixed sites which have such data.  

Study Units of the 2001 restart group directly involved with the nutrients enrichment effects topic will be strongly encouraged to conduct analysis of their Cycle I algal and nutrients data from streams as part of problem identification and scoping for detailed study approach.

Interactions with Other Topical Teams

Even though the NEET objectives focus on the receptor component of the source-transport-receptor operational model, close collaboration with the Agricultural Chemicals—Transport and Sources (ACTS) team is planned to link details of agricultural practices in basins to the biological responses investigated in streams. Nutrients are expected to be one of the groups of agricultural chemicals addressed by ACTS team.  By nesting study basins and co-locating study sites with the ACTS studies, the ACTS findings about sources and mechanisms for nutrient delivery to specific stream reaches can be combined with NEET findings on ecological effects resulting in a holistic analysis of source-transport-receptor model.  Ideally, specialists from the ACTS, NEET, HST, NRP and other cooperating researchers will plan, implement and develop coauthored products to merge their findings.  The success of this process will weigh heavily on the interdisciplinary team within each Study Unit involved. Additionally, the knowledge in findings for the agricultural basins and the process of collaboration is expected to foster future collaboration among the nutrients enrichment effects and the urban streams teams during the intensive investigation phases for the studies to begin in 2003. 
H.  SUMMARY OF PREVIOUS STUDIES

The intent of this section is to provide background information on major nutrients, primarily nitrogen and phosphorus, in streams, and how these nutrients influence the structure and function of biological communities. This section reviews published findings from both the NAWQA Cycle I studies and other literature. 

Nitrogen and Phosphorus Enrichment

The global nitrogen cycle has been extensively modified through production of nitrogen fertilizers, cultivation of N fixing crops, animal waste disposal practices, and combustion of fossil fuels (Galloway et al. 1995, Vitousek et al. 1997). These human alterations have approximately doubled the rate of N inputs into the terrestrial N cycle and greatly increased the transfer of N through rivers to estuaries.  Increased N loading has led to groundwater pollution (Spaulding and Exner 1993, Nolan 1999, Nolan and Stoner 2000), increases in the green house gas N2O (Matson et al. 1997, 1999), acidification of soils and sensitive freshwaters (Vitousek et al. 1997), and an array of problems along the nations coastline (Howarth et al. 2000, Cloern 2001)

Human activities have also profoundly influenced the cycling and movement of P through the environment, doubling the rate of P delivery from land to the oceans (Howarth et al 2000).  Controls mostly on point discharges effectively have reduced the release of phosphorus to surface water from an average of 11 at the height of detergent use to about 5 mg/L from 1970 to 1999 (Litke 1999). Agriculture is considered one of the largest P sources to rivers.  Prior to World War II, farming practices tended to be self-sufficient, balancing grain production, animal feed, manure utilization, and crop fertilization.  Increased fertilizer availability following the war encouraged decoupling of grain and animal systems, resulting in a major transfer of nutrients from grain-producing to animal producing areas, accumulating N and P in soils of the latter areas (Howarth et al. 2000).  This evolution of agriculture has resulted in an excess of N and P-laden manure that is released into watersheds and ultimately, coastal waters.

Nitrogen and P exports from non-point sources contribute to degradation of coastal waterways.  Public pressure that focused on reducing the contamination has greatly reduced eutrophication in fresh waters.  However, N compounds were simultaneously under-regulated.  Recent research has shown that for temperate coastal marine ecosystems, N is generally more limiting to phytoplankton growth than P, and that N inputs are more likely to accelerate eutrophication than P inputs (Howarth et al. 2000).

Coastal eutrophication is the most dramatic consequence of coastal N and P loading (National Research Council, 2000), resulting in harmful algal blooms, degradation of seagrass beds and corals, large-scale hypoxia (Turner and Rabalais 1994, Rabalais et al. 1996, Brezonik et al. 1999, Goolsby and Battaglin 2000, Alexander et al. 2000), fish and invertebrate kills, loss of biodiversity, and changes in species composition (Diaz and Rosenberg 1995).  The next 50 years will likely see rapid agricultural expansion in response to demand for food by wealthier nations and a 50% increase in global population (Tilman et al. 2001). This expansion could lead to a 2.5-fold increase in N- and P-driven eutrophication (Tilman et al. 2001). Because streams and rivers transport much of the N and P, quantitative information is needed to understand how N and P loading from watersheds will affect rivers, lakes, and estuaries where nutrient availability can limit primary productivity (Peterson et al. 2001). 

Nitrogen Biogeochemistry

The most abundant form of N, elemental N2, directly enters biological pathways only through N-fixing bacteria (Figure 2).  Nitrogen-fixing bacteria and blue-green algae (cyanobacteria) either form symbiotic associations with plant roots or live free.  Symbiotic associations are the most important in terms of the amount of N fixed (Postgate 1982).  Most of the fixed N enters the plant (assimilation) and is released later to the stream as throughfall, as leachate from litterfall, or by plant decomposition (Wetzel 1975).  Heterotrophic bacteria liberate organically bound N as ammonia (NH3) or NH4+ (ammonification).  In aquatic environments, NH3 is usually ionized to NH4+ and the proportion of ionized to unionized NH3 is determined by pH.  Chemolithotrophic nitrifying bacteria oxidize NH4+ to NO2- (e.g. Nitrosomonas sp.) and then to NO3- (e.g. Nitrobactor sp.).  Each stage of NH4+ oxidation (nitrification) releases energy to reduce carbon dioxide into organic matter.  Unlike NH4+ that can also bind to cation exchange sites on streambed sediments (Triska et al. 1994), NO3- is mobile and easily transported (Triska et al. 1990, Duff and Triska 1990, Bencala et al. 1993, Holmes et al. 1994, Jones et al. 1995).  Plants, algae, fungi, and bacteria reduce NO3- to NH4+ prior to incorporation in cellular material (assimilatory NO3- reduction). In addition to assimilatory NO3- reduction, anaerobic and facultative anaerobic bacteria dissimilatatively reduce NO3- to NO2- (dissimilatory NO3- reduction), N2O, and N2 (denitrification) during the oxidation of organic matter in anoxic environments (NO3-, NO2-, and N2O serve as electron acceptors in electron transport phosphorylation).  Unlike assimilation, NO3- is not used as a cellular N source, and products of dissimilatory reductions are excreted from cells.  The energy produced from decomposition of organic matter is used for biosynthesis and other cellular functions.  Whereas N fixation is a de novo source of reduced N in stream ecosystems, denitrification is a sink.
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EXPLANATION-Numbers are percent of study unit agricultural land (including pasture) in the Hydrologic Landscape Region indicated. Study units shaded in blue ranked below the top 20 for NEET. HLRs in blue
shade likely would not be studied by NEET. Color highlighting is (15-24% green), (25-49% yellow), (50-74%. orange), (>75%, magenta) for study units with agri. Land > 10000 sg. km.




Figure 2.  Nitrogen cycle, oxidation state, and energy relationship

Headwater streams are closely linked to the bankside terrestrial environment since most N sources lie outside the channel (Triska et al. 1984).  Above ground sources are typically particulate, including litter fall (Meyer et al. 1981) and lateral movement from the adjacent forest floor (Fisher and Likens 1973, Triska et al. 1984).  Direct interception of dissolved organic N (DON) in throughfall, or DIN in precipitation are minor.  Below ground, sources include inputs of dissolved N in groundwater (Triska et al. 1984, Puckett and Triska 1996).  In small streams draining forested habitats, often a large proportion of the N input to the stream is organic (either particulate or dissolved), derived from production in the surrounding forest (Triska et al. 1984, Triska et al. 1993, Wondzell and Swanson 1996).  Dissolved N in groundwater constitutes the largest proportion of annual N input (Triska et al. 1984). The effectiveness or riparian buffer zones in removing ground-water nitrate before reaching a local stream can be controlled by the local hydrogeology (Puckett 1999). 

In high order streams and rivers, linkages to processes associated with terrestrial vegetation become more indirect as channel width increases and anthropogenic sources assume an increasingly greater role.  Large, non-point source N inputs in high-order drainages are often in the form of NO3- introduced via agricultural practices (Lowrance et al. 1983, 1985, Peterjohn and Correll 1984, 1986, Jacobs and Gilliam 1985, Pinay et al. 1994, McMahon et al. 1994, McMahon and Bohlke 1996, Sjodin et al. 1997), forestry practices (Swank and Caskey 1982), or urban runoff (Bradley et al. 1995, Sjodin et al. 1997).  Nitrate entering these ecosystems may be dissolved in groundwater or enter directly as irrigation return flows or sewage outfalls.  With massive loading, N cycling processes shift such that respiration rather than biosynthesis becomes the microbial response.  Consequently, dissimilatory processes favoring N release become more significant than assimilatory processes favoring retention.  Control of this biological balance between release and assimilation is closely linked to physical balance between hydrologic transport and retention.

Phosphorus Biogeochemistry

Phosphorus is unique relative to N because it remains in the PO4 state in both organic and inorganic forms.  In its dissolved inorganic form it occurs as orthophosphate (PO4), whereas in its organic form it occurs as PO4 bound in larger organic molecules (McClain et al 1998).  Phosphorus is also present in particulate forms in aquatic systems (Hendricks and White 2000). Particulate P consists of complexes with inorganic substances such as clays, iron hydroxides, carbonates, detrital matter, and cellular components such as nucleic acids, enzymes, and phospholipids (Hendricks and White 2000). Because P occurs in only one oxidation state, redox reactions do not directly influence its biotic cycling as they do for N (McClain et al 1998).   Because both N and P are essential nutrients for living organisms, their natural distributions are strongly influenced by biological processes (McClain et al 1998).  However, in contrast to N, once P reaches a stream, concentrations are dependent on complex interactions among discharge, erosional and sedimentation patterns, streambed geomorphology, and sediment properties such as adsorption-desorption, particle size distribution, mineral composition, precipitation, and redox environment (Hendricks and White 2000).

Autochthonous (in stream) sources of P in streams are probably dominated by sorption/desorption equilibria associated with sediments that in turn are controlled by physiochemical characteristics of the sediments such as particle size and composition (Klotz 1985 and references therein).  Between 71 and 97 per cent of the total phosphorus in two rural eutrophic streams was stored in the sediments (Wang et al. 1999).  Also, agricultural streams with fine-grained (high surface area) sediments sorbed more P and therefore had more available on demand compared to forested streams with coarser bed material (Klotz 1985).  The kinetics of abiotic phosphorus sorption and desorption are sufficiently fast such that a dynamic equilibrium with the ambient dissolved pool exists.  Therefore, the sediments act both as a source and a sink, controlled by the input history of P and the biological demand.

Allochthonous (from outside the stream channel) sources of P in streams include wet and dry deposition, rock weathering, and non-point runoff.  Within the stream, P exists as orthophosphate and as several organic forms, both particulate and dissolved.  Dissolved inorganic P concentrations in streams are maintained at relatively low levels due to biotic assimilation, abiotic sorption to sediment, and intrinsically low solubility (Hem 1992).  Only about 5% of the total phosphorus concentration exists in the anionic orthophosphate form that can be taken up directly by plants and microorganisms.  Particle-associated P is present in streams either assimilated in biomass and detritus, sorbed to various mineral phases (iron oxyhydroxides, etc.), or precipitated as apatite [Ca5(PO4)3(OH,F,Cl)], vivianite [Fe3(PO4)2·(H2O)8], or other authigenic minerals.  Assimilation into biota and sorption onto, or incorporation into, inorganic phases effectively hinders the downstream transport of P with respect to water.  The same is true for N assimilated by plants and microbes.  Unlike nitrate, which can be converted to N gases by denitrification and permanently removed from the system, P removal by biotic uptake and sediment retention always results in accumulation in the system.  The transient retention of a P molecule in these phases within the context of longer-term downstream transport is termed “nutrient spiraling” (Webster and Patten, 1979).  

Nutrient Limitation in Streams and Rivers
Nutrient limitation in streams is inherently difficult to assess due to several factors, notably the complex spatial and temporal aspects of autochthonous and allochthonous supply.  Various factors that are thought to limit primary producers in streams include P, N, or some physical factor such as light, temperature, current velocity, and inorganic carbon concentration.  Nutrient limitation is most likely to occur in streams flowing thru non-forested areas or in streams otherwise wide enough that riparian shading is not a factor.  When a nutrient is found to be limiting in fresh water, it is usually P due to the relatively large biochemical requirement for this element compared to available supply.  Therefore even small increases in P supply can lead to large increases in biomass (assuming no other limitation).

Absent a physical factor, P availability generally limits primary production in the northern half of the United States (Stevenson et al. 1996).  Streams in the western United States can be N limited when the watershed contains P-rich rocks and sediments (Grimm and Fisher 1986, Hill and Knight 1988, Lohman and Priscu 1992).  Greater P limitation has been observed in the forested streams compared to agricultural streams, as determined by alkaline phosphatase activity (APA)(Klotz 1985).  Alkaline phosphatase is an inducible enzyme produced by phytoplankton and bacteria in response to limiting available P concentrations (Fitzgerald and Nelson 1966, Torriani 1960).  This enzyme catalyzes the cleavage of phosphate groups from organic or otherwise combined P compounds.  The APA level is a good indictor of P deficiency (Rhee 1973, Healey and Hendzel 1979).

A consensus of many studies is that less than 0.32 (M (0.01 mg·L-1) or less of inorganic P (Fishel 1983) and 0.97 (M (0.03 mg·L-1) or less of total P (Dodds et al. 1997) are indicative of P limitation in fresh waters.  These concentrations apply when physical limitations (for example, light) are not important.  For streams, the U.S. Environmental Protection Agency recommends a limit of 3.2 (M (0.1 mg·L-1) of total P for flowing water and 1.6 (M (0.05 mg·L-1) for streams flowing into lakes (U.S. Environmental Protection Agency 1986).

Nutrient Spiraling in Streams

In the most literal sense, nutrient cycling begins and ends with the same chemical form in the same place.  In streams and rivers, however, water velocity is high and flow is unidirectional, so nutrients are physically displaced downstream during transport.  Because physical, chemical, hydrologic, and biologic processes interact with transported nutrients, the downstream displacement of the N and P cycle has been viewed as a spiral (Newbold et al. 1982, Elwood et al. 1983).  The spiraling length consists of the uptake length, defined as the distance an atom travels before it is taken up by an organism, and the turnover length, the distance it travels associated with the organic pool before returning to the dissolved inorganic form (Mulholland and DeAngelis 2000).  Spiraling length is a useful index because it integrates retentive processes that occur along an entire flowpath traversed by nutrients in dissolved form, including the longitudinal and vertical connectivity provided by advection to subsurface interstices (Munn and Meyer 1988, Stream Solute Workshop 1990, Valett et al. 1996).  Due to difficulties in estimating turnover length, uptake length has been used most often as an index of biotic retention.

Valett et al. (1996) recently demonstrated that NO3- uptake length was influenced by hydrologic retention associated with exchange between surface and interstitial environments and, presumably, biotic retention within the subsurface.  The shortest uptake lengths and highest uptake rates were associated with alluvium with the greatest hydraulic conductivity and surface-subsurface exchange in three watersheds in New Mexico.  At one watershed, Rio Calaveras, NO3- uptake lengths varied with time of day, with the smallest values occurring mid-day when whole stream metabolism was greatest (C. S. Fellows, unpublished data).  Thus, NO3- uptake lengths varied with rates of stream metabolism in addition to changes in discharge.  Conversely, Hill and Lymburner (1998) found that hyporheic retention of NH4+ and NO3- was minor in Glen Major Stream and Duffin Creek, Ontario, where the hyporheic zone was restricted by large groundwater pressure gradients.  Thus, the extent to which a reach is gaining discharge is also an important factor for hydrologic exchange and residence time.  This factor shifts temporally with discharge variation due to storm events (Harvey and Bencala 1993).
Linking hydrologic exchange to N and P Retention in the Surface Channel
Headwater streams play a disproportionate role in nutrient transformation (Alexander et al. 2000).  Small streams constitute up to 85% of total stream length within a drainage network and collect most of the water and dissolved nutrients from the adjacent terrestrial ecosystem (Peterson et al. 2001).  Recent data suggest that small streams and rivers are most effective in N processing, transformation, and retention from large watersheds (Alexander et al. 2000, Peterson et al. 2001).  It is probable that low to moderate amounts of inorganic N in headwater streams is removed or transformed within minutes to hours and within a few tens to hundreds of meters of input (Peterson et al. 2001).  In larger streams, the times and distances increase in proportion to depth or discharge (Alexander et al. 2000).  As N and P inputs to streams increase, the capacity of streams to effectively retain and transform them will be overwhelmed and both ions will be transported much farther, resulting in  downstream eutrophication of rivers, lakes, and estuaries.

Hydrologic mixing of surface stream water with near-stream groundwater beneath and adjacent to the channel can have a dramatic affect on the composition and concentration of N and P dissolved in surface water.  This hydrologic exchange, which forms the hyporheic zone (Triska et al. 1989, Harvey et al. 1996), influences many controlling variables of N and P cycling, especially the supply of dissolved oxygen (DO) (Triska et al. 1993, Findlay 1995).  Hydrologic exchange also greatly increases the volume of sediment in contact with stream water (Harvey et al. 1996), increases nutrient contact with subsurface biota (D'Angelo et al. 1993, Morrice et al. 1997), and enhances microbial activity rates (Mulholland et al. 1997).
Dissolved oxygen distribution strongly influences N transformations because of the wide range of available redox conditions for various reactions.  Dissolved oxygen influences P transformations because of its control of chemical processes such as mineral precipitation and dissolution.  Biotic and abiotic processes that consume DO in hyporheic flowpaths are indirectly controlled by hydrologic residence time in that the longer a parcel of water remains in contact with the subchannel, the more DO will be respired (Findlay 1995) or used in chemolithotrophic processes (Triska et al. 1990, Holmes et al. 1994, Jones et al. 1995).  Where DO consumption exceeds input by hydrologic exchange, anoxia develops forming an aerobic-anaerobic interface (Baker et al. 2000).  Reduced and oxidized forms of N generally co-occur only under such conditions (Jones et al. 1994), and redox reactions stimulated at these interfaces can influence stream nutrient levels (Triska et al. 1990, Duff and Triska 1990, Duff et al. 1996a, 1996b).  These flowpaths are especially important in streams receiving high nitrate inputs if denitrification is to have a significant impact on stream nitrate levels (Triska et al 1989, Duff and Triska 1990, Holmes et al 1996).

Hydrologic mixing of surface stream water with near-stream groundwater can also effect phototrophic community structure.  Hyporheic flows can be visualized as surface water-groundwater exchange both beneath the bed and adjacent to the bed in bankside areas (Bencala 1984, Jackman et al. 1984, Valett et al. 1990, 1994, Valett 1993, Harvey and Bencala 1993).  Stream water will leave the channel and move into the hyporheic zone (recharge) only to return to the channel after mixing with hyporheic water (discharge).  The discharge of water that has mixed with hyporheic water can result in patches of high-nutrient discharge that can be reflected in enhanced production of algae (Valett et al. 1990,1992, 1994, Dahm et al. 1987, Coleman and Dahm 1990) and macrophytes (Fortner and White 1988, White et al. 1992).  

Linking hydrologic exchange to N and P Retention in Near-Stream Groundwater

Groundwater flowpaths vary greatly in length, depth, and travel time from points of recharge to points of discharge in the groundwater system, such as a stream, (Fig. 3).  In the uppermost, unconfined aquifer, flow paths near the stream can be tens to hundreds of feet in length and have corresponding travel times of days to years (Winter et al 1998).  Transport of ground water solutes has long been recognized as an important source of nutrients for aquatic biota (e.g., Triska et al. 1990, Grimm and Fisher 1984).  Biogeochemical transformations of nutrients in the groundwater system occur along physical-chemical transition zones and are apt to impact the quality of receiving waters.  In fact, over the past decade numerous investigators have reported variable but significant NO3- (nitrate) depletion (60-100%) from upland sources in groundwater below the riparian zone (Schlosser and Karr 1981, Lowrance et al. 1983, Peterjohn and Correll 1984, 1986, Kuenzler and Craig 1986, Pinay and Decamps 1988, Osborne and Kovacic 1993, Haycock and Pinay 1993).  This research has led to a consensus that most riparian zones can effectively remove nitrate prior to discharge to surface water.  Recently, however, it has become apparent that most sites that effectively remove nitrate have similar hydrologic settings.  A recent literature review found that riparian zones having permeable surface soils underlain by poorly permeable deposits had much higher percentages of nitrate removal than areas where poorly permeable deposits were absent (Hill, 1996). It was postulated that these shallow zones of low permeability promote horizontal flow paths enhancing interaction with soils and vegetation in the riparian zone. In contrast, where poorly permeable deposits are not encountered until greater depths, the vertical component of flow increases. This increases the likelihood of flow beneath nitrate-reducing zones associated with the riparian zone (Hill 1996, Bohlke and Denver 1995, Hedin et al. 1998). 
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Figure 3.  Groundwater flow paths.

The path of groundwater flow plays a pivotal role in nitrate retention in groundwater.  If groundwater does not intercept the riparian subsurface, N biogeochemistry may be limited by the electron donor.  However, the zones of the bed where the stream and groundwater flow paths intersect have enhanced biogeochemical activity.  This zone of hydrologic mixing in catchments with vertical groundwater pressure gradients can dramatically impact N chemistry of near-stream groundwater because organic matter (electron donor) and oxygenated surface water are advected into near-stream sediments where bacteria are abundant.  Thus, the potential for nitrate removal can exists in near-stream groundwater flows that pass under the riparian zone.  
The stream-sediment interface is a zone where changes in nutrient chemistry have been observed (Duff et. al. 1996, Hendricks and White 1995). Sharp chemical gradients are often observed in this zone because of the interaction of oxidized surface water with more reducing groundwater as well as reactions associated with the accumulation of organic material on the streambed. These reactions are likely dependent on the organic carbon content of the streambed sediment. The depth of this zone is variable but has often been found to extend 20 cm below the streambed (e.g., Hill and Lymburner 1998). The mineralization of organic matter in the bed may be an important source of inorganic N and P (e.g., Cirmo et al. 1997) and may explain why porewater N and P concentrations less than 10 cm below the streambed can be markedly higher than upwelling groundwater or the stream (Duff et al. 1996, 1998, Hendricks and White 1995, Duff 2001). If this zone is aerobic, nitrification of ammonium to nitrate and the adsorption of phosphorus to iron oxides may also occur.

Previous Information on Total Nitrogen and Total Phosphorus in NAWQA Study Areas

Beginning in 1992, nutrient concentrations have been determined in periodic water samples from more than 500 stream sites in 51 NAWQA Study Units.  These data have been summarized for 2-year intensive sampling periods at 372 sites in 36 Study Units; final data sets have not yet been aggregated for the other 15 Study Units.  Of these sites, 268 have minimal urban development in the upstream basin.  Flow-weighted mean concentrations of total nitrogen (TN) and total phosphorus (TP) for these generally undeveloped and agricultural sites are shown on national maps in Figure 4. 

The ranges of concentrations shown on these 2 maps (Figure 4) represent quartiles of the flow-weighted annual means.  Most sites with concentrations in the upper quartiles are downstream from agricultural areas.  Concentrations at sites downstream from undeveloped areas were generally in the lower quartile.  The most obvious exceptions were low concentrations of TN at agricultural sites in the southeastern US and high concentrations of TP at undeveloped sites in the southwestern US.  The potential for denitrification is greater in the southeast, due to warm temperature, high water tables, and abundant organic matter.  This might explain the low TN concentrations in this region.  In the southwest, sediment discharge can be very large even in the absence of anthropogenic impacts.  Because sediment can transport adsorbed phosphorus, TP concentrations can also be large at these sites.

Overall, the range of TN and TP is large; the concentration of the upper quartile (75th percentile) is about 5 times the concentration of the lower quartile (25th percentile) for both constituents.  Differences in concentration among sites are correlated with characteristics of the upstream basin, including the loading (input) of nitrogen and phosphorus in commercial fertilizer and manure.  Mueller and Stoner (1998) found that these sources of nitrogen were among the best predictors of nitrate yield from a subset of the NAWQA agricultural sites.  Recently, Spahr (oral commun.) has extended this analysis to all 268 agricultural and undeveloped sites with historical NAWQA data.  He found a good relation between TN and upstream sources nitrogen, but not between TP and sources of phosphorus.  This discrepancy is likely because there are more natural sources of phosphorus that are not accounted for by fertilizer and manure loading.

Of the 268 agricultural and undeveloped sites with water-quality data in the NAWQA program, 73 are in Study Units included in the Nutrient Enrichment study.  Biological sampling for this study is most likely to occur during July-September. Thus, TN and TP concentrations at these 73 sites were computed for that 3-month period in order to evaluate the nutrient gradient that might be expected within the Study Units.  The concentrations of TN are plotted with upstream nitrogen loading in Figure 5a.  Concentrations range from <0.1 to almost 9 mg/L, and are fairly well correlated with loading, particularly for concentrations less than 3 mg/L.  The correlation with agricultural area is not as good (Figure 5b). TP concentrations are not well correlated with either phosphorus loading or agricultural area, probably due to the influence of sediment discharge on large concentrations of TP.  TP is somewhat correlated with TN, however (Figure 5c); and selecting sites for a gradient in TN concentration likely will result in a gradient of TP concentrations.
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Figure 4 Mean annual concentrations of nitrogen and phosphorus at cycle I fixed sites (1992-1998) for non-urban basins.
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Figure 5 Summary of cycle I nitrogen and phosphorous data in relation to 

loading and percent land use from July to September. 

Nutrients and Biological Community Structure

Attached algae are, in general, the most successful primary producers in streams (Biggs 1996).  As such, they are important contributors to stream food webs and other ecosystem processes.  Because of their importance to stream ecosystems, understanding the many factors affecting community composition and other characteristics of algae communities has been an important goal for many stream ecologists.  Field surveys and manipulative experiments indicate that algae communities are responsive, at many spatial and temporal scales, to a wide variety of environmental factors including: 1) geology and climate, and their subsequent effects on water chemistry, hydrology, topography, vegetation, substrate, and land use (Cuffney et at. 1997, Leland 1995, Kutka and Richards 1996, Pan et al. 1996, Carpenter and Waite 2000, Leland and Porter 2000, Sonneman et al. 2001, Scudder and Stewart, 2001, Leland et al. in press, Munn et al., accepted); 2) nutrients (Chetelat et al. 1999, Francouer et al. 1999; Biggs 2000, Stelzer and Lamberti 2001); 3) light (Wellnitz et al. 1996, Mosisch et al. 1999); and 4) grazing by stream fauna (Pan and Lowe 1994).  These studies and others have led to development of new conceptual models for stream periphyton (Biggs 1996, Stevenson 1997, Biggs et al.1998b) beyond the simple relationships included in the River Continuum Concept (Vannote et al.1980).  Because human activities modify many of the above aspects of stream habitats, monitoring of algae communities has been suggested as a method for assessing the effects of humans on streams (McCormick and Cairns 1994, Pan et al.1996, Rott et al. 1998).  In addition, some changes in stream habitat favor algal communities that humans consider undesirable because of their effects on water resources or stream ecosystems.

The responsiveness of periphyton communities to such a wide array of environmental variables might seem a deterrent to using them as an indicator for a subset of such variables, such as nutrients.  However, basin-wide studies, including studies conducted by or affiliated with NAWQA, continually identify nutrients as an important correlate of periphyton community structure and function (Cuffney et al. 1997, Leland 1995, Greene et al.  1997, Leland and Porter 2000, Carpenter and Waite 2000, Leland et al. in press).  In addition, successful models for inferring nutrient concentrations from periphyton community structure have been developed as part of several basin-wide studies (Leland and Porter 2000, Leland et al. in press).  However, there are important cautions to these models.  In the San Joaquin River Basin, an area of intensive agriculture, a model for specific conductance performed better than a nitrogen model (Leland et al. in press).  Presumably this occurred because nutrient applications are episodic but specific conductance is responsive to more continuous phenomena, such as water-soil and ground-water/surface-water interactions.  Also, obtaining a statistically significant model with nutrient data should not be interpreted as evidence for a nutrient effect without additional supporting evidence such as changes in the trophic structure of the algae community (for example, changes in the abundance of nitrogen-fixing algae).  Studies in human-disturbed areas are characterized by many correlations among measured environmental variables (Cuffney et al. 1997, Leland 1995, Carpenter and Waite 2000, Leland and Porter 2000, Scudder and Stewart 2001, Leland et al. in press Munn et al. accepted) requiring that inferences of causation be supported by additional evidence.

Existing literature suggests several considerations for the design of the nutrients effects topic of Cycle II NAWQA.  Hydrologic landscape regions and ecoregions represent two possible methods of accomplishing this.  The success of models inferring nutrient concentrations from algae community data is improved by including sites from the entire gradient of nutrient conditions from low to high (Leland et al. in press).  Differences in hydrologic regime may be particularly important in environmental settings, such as many forms of agriculture, where light and nutrients are abundant (Biggs et al.1998, Biggs et al. 1999a,b).  

Stream metabolism and nutrients dynamics

Stream Metabolism

Biological assessments in streams commonly focus on the structure of communities with measurements of abundance, diversity, or biological metrics. While this information is critical to both regulatory and research needs, there is increasing recognition that in order to manage streams we need a better understanding of stream function, that is, how nutrient dynamics and ecosystem productivity are influenced by various management decisions.  One of the first unifying concepts in stream ecology was the river continuum concept (RCC) (Vannote et al. 1980), which predicts that there is a natural physical gradient from headwaters downriver and that this gradient elicits a variety of structural and function responses in the stream ecosystem. A dominant premise of this concept is that riparian vegetation is a major organizing factor in the RCC. Based upon the RCC, headwater streams were viewed as forested, light limited, heterotrophic systems. Mid-order streams were less influence by riparian vegetation and therefore were not light limited, resulting in an increase in benthic primary production making the system autotrophic, and therefore a net exporter of energy downstream. Increased turbidity in larger rivers caused a return to light limitation, and therefore a dominance of sestonic organisms and a more heterotrophic system. While the RCC has provided a great deal of insight into stream theory, many studies have reported major deviations from the RCC. For example, Wiley et al. (1990) reported that the RCC does little to address streams residing in grasslands and agricultural fields, which comprise approximately 42% of the earth’s land surface (Smith 1980). Wiley et al. (1990) reports that most prairie and desert streams are in fact inverted from the RCC in that headwaters are open channels with riparian cover developing downstream. In their study of agricultural stream in the mid-west, they found that primary production was greatest in the headwaters reaches and that light was typically the more limiting factor than nutrients. 

Along with an increased understanding of how streams change along their coarse, it is the understanding of the overall importance of streams depending on where they are positioned in the watershed. For example, Peterson et al. (2001) studied the relative role of small headwater streams in nitrogen export and found that headwater streams play a critical role in the processing of nitrogen due to a combination of rapid uptake and transformations. The paper goes on to state that altering headwater streams due to urbanization or agricultural activities may greatly reduce water quality in downstream receiving waters.   
While NAWQA did not address stream processes in cycle I, there was one study of stream metabolism from the upper Midwest synoptic study. In the NAWQA regional synoptic study of the upper Midwest Corn Belt, rates of stream metabolism were estimated using continuous monitors (HydroLab DataSonde 4s) that recorded DO, pH, conductance, and temperature every 15 minutes for a minimum of 48 hours.  Maximum rates of productivity (Pmax) and respiration (Rmax) were calculated as the rate of change in DO (or pH) between 9am and 3pm or midnight and 8am, respectively (Sorenson et al. 1999).  Diffusion oxygen (reaeration) was not accounted for in this study; however, diffusion rates were assumed to be similar among streams in this relatively flat landscape during the month of August. Reaeration might be an issue, however, for integrated studies in disparate environmental settings. In the Yellowstone River NAWQA synoptic study, stream metabolism measurements was supplemented with DO measurements in replicate light and dark bottles submerged for a minimum of 4 hours (Peterson and Porter 2001). Using this design, seston (phytoplankton) metabolism can be partitioned from “whole stream” metabolism, thus allowing an estimate of periphyton productivity (ca. 85% in the Yellowstone River) by difference.  Periphyton productivity also can be measured by measuring algal accumulation rates on unglazed clay tiles (cf. Santa Ana NAWQA study), on natural substrata, or nutrient-diffusing substrates (e.g. clay pots, sand-agar plates, etc).  

Maximum rates of productivity and respiration in upper Midwest streams and rivers were positively correlated with seston chlorophyll a (CHLa) concentrations in water samples (Porter 2000, Porter et al. 2001).  Significant positive correlations of seston CHLa with suspended organic carbon, total suspended sediment, and total nitrogen suggest that algal seston represents a significant source of organic enrichment and total nutrients in agricultural streams during summer low-flow conditions.  Dissolved nutrient concentrations decreased significantly with increases in rates of stream metabolism, suggesting active uptake of dissolved nutrients by algae, particularly in streams with sparse riparian vegetation and open canopy.  These conditions occurred in seston-dominated streams (Porter 2000, Porter in prep.).  However, rates of respiration generally were low in periphyton-dominated streams, even when productivity and periphyton CHLa were above average.  This condition was found primarily in shaded streams with high water clarity, moderate velocity, and greater influence from GW discharge (moderately well drained soils).

Landscape classifications and predictive models

One of the goals of resource and regulatory agencies is the development of classification systems. While the nature of classification systems can vary, most are geographically based (e.g. ecoregions) or stream based (e.g. coldwater). Geographic classification systems are based on the idea of dividing the landscape into relatively homogenous regions. The rational for defining a region is that streams within a region should be more similar in relation to physical features, and therefore more similar in relation to water quality and biological communities. Once regions are identified, regionally based predictive models can be developed to use in the management of these regions. Various approaches have been developed which utilize limited information obtained from a few streams to classify or predict conditions over a larger geographic area. Most classification, or regionalization, has been done with respect to the water quality in streams. These approaches can be subdivided into four general categories: 1) similar environmental characteristics, 2) regression equations, 3) the most statistically significant environmental factors, and 4) mechanistic models.

Classification Based on Similar Environmental Characteristics

Probably the simplest and one of the most common approaches of classifying streams into regions of relatively similar water quality  is based on the assumption that water quality displays regional patterns that are reflected in the geographic distribution of various explanatory factors (i.e., environmental characteristics of the watershed). If this assumption is valid, an area can be subdivided into regions of similar environmental characteristics and the streams in each subregion should have relatively similar water quality. Bailey (1976), Omernik (1987), and Albert (1995) used spatially variable combinations of several environmental characteristics thought to influence water quality (land use, soil type, climate, natural vegetation, land form, etc.) to subdivide large geographical areas into ecoregions. In defining the boundaries, the importance of each environmental characteristic varied from place to place (unequal weighting of environmental factors). Therefore, the exact boundaries between ecoregions were subjective and may be defined on an environmental factor that may not be strongly related to changes in water quality. The approach presently being proposed by the US EPA to subdivide the country into areas with streams having similar potential water quality is based on Omernik’s ecoregions (US EPA 2000, Omernik 2000). 

Robertson and Saad (1996) refined this basic ecoregion approach to subdivide the Western Lake Michigan Drainages Study Unit into relatively homogeneous units (RHU’s). In this refinement, each environmental characteristic (land-use type, surficial-deposit type, and bedrock type) was equally important in defining the boundaries between RHU’s (equal weighting of environmental characteristics). Therefore, each RHU had a unique combination of environmental characteristics and the importance of each environmental characteristic could be easily tested (Robertson 1998). In this approach, the subdivision was principally based on the presence or absence of various environmental characteristics (i.e., mostly agriculture or mostly clay soils, etc.); therefore, the boundaries were often hard to define and many areas were often defined as “mixed areas”.

Hargrove and Luxmoore (2001) refined the basic ecoregion approach to subdivide the United States into ecoregions expected to be homogeneous for growth of woody vegetation.  In their approach, the United States was first subdivided into 1-km2 areas and the environmental characteristics (describing elevation, edaphic, and climate) of each area was computed by use of a GIS. One thousand or more individual ecoregions were then defined based on ranges of each of nine environmental characteristics established by use of multivariate clustering techniques. Each ecoregion was then ranked (colored) based on a principal component analysis of the environmental characteristics to enable the similarity in the ecoregions to be more apparent. The definitions of boundaries (values of each environmental characteristic) were statistically driven and, therefore, nonsubjective, but the importance of the various environmental characteristics used in the analysis is unknown.

Wolock and Winter (2001) also refined the basic ecoregion approach by subdividing  the United States into Hydrologic Landscape Regions (HLRs, Winter 2001) on the basis of land-surface form, geology, and climate. Hydrologic landscapes subdivide large areas into units of common patterns of surface runoff, ground-water flow, and interchange of surface water and ground water with one another and with the atmosphere (Winter 2001). Water quality within a landscape unit is not necessarily expected to be uniform because important factors like land use were not considered; however, this framework can be used as the foundation for designing studies (such as in the NAWQA program), synthesizing information, and comparing processes across areas.  

Classification Based on Regression Equations

Another common approach to classifying or predicting water-quality conditions is based on empirical relations between specific explanatory factors and specific water-quality characteristics. In this approach, the explanatory factors (factors expected to be related to a specific constituent) for each monitored stream are defined and used to develop empirical equations using various regression techniques. This approach has commonly been used to estimate flows for various types of floods (Jennings et al. 1994), and chemical concentrations and loads (for example Robertson et al. 2000; Shirazi et al., 2001) for unmonitored streams.

In this approach, each explanatory factor must be defined for all unmonitored streams; therefore, large-scale extrapolations are difficult if many streams are considered. This approach should only be used for streams that have explanatory factors within the ranges of those used to define the regression equations.

The regression approach has been extended in the SPAtially Referenced Regressions On Watershed attributes (SPARROW) model (Smith et al. 1997) to include mechanistic compartments, mass-balance constraints, and the spatial referencing of watershed attributes to the stream network. This model empirically estimates the origin and fate of constituents in streams, and quantifies uncertainties in those estimates based on model coefficient error and unexplained variability in the observed data. This model has been used to describe nutrient concentrations and yields from streams throughout the United States (Smith et al. 1997). This model, like other regression approaches, requires that each explanatory factor be defined for all unmonitored streams.

Classification Based on the Most Statistically Significant Environmental Factors

A combination of techniques previously described was used to develop a refined method to classify water-quality conditions over large geographical areas. In this approach, a series of explanatory factors for each monitored stream are first quantified using GIS, then regression-tree analysis is used to determine which environmental characteristics are most statistically important in describing the distribution of a specific water-quality constituent. Distributions (GIS coverages) of only the most statistically significant environmental characteristics are then used to subdivide the area of interest into relatively homogeneous environmental zones (Robertson et al. 2001). Results from the regression-tree analysis not only define the most important environmental characteristics, but also describe how to subdivide the coverage of the specific characteristic (for example, areas with less than or greater than 26 percent clay). This approach was used to develop an alternative regionalization scheme for defining US EPA nutrient criteria for streams (Robertson et al. 2001).

This approach results in a classification scheme customized for each water-quality constituent based on the environmental characteristics most statistically related to each constituent. Therefore, classification for constituents associated with surface-water runoff may be much different that that for a constituent associated with ground-water flow. This approach was used to delineate areas of similar water quality (by including land-use characteristics) and areas of similar potential water quality (by excluding land-use characteristics) (Robertson et al. 2001).

Classification and Prediction based on Mechanistic Models

Probably the most complicated approach to classifying or predicting water quality is through the use of mechanistic models. Various mechanistic models have been developed that try to describe the important processes that result in changes in water quality in streams. The processes are usually described by algorithms developed from theory, laboratory experiments, and empirical relations from instrumented watersheds.  A few common mechanistic models used to describe the hydrology and water quality of moderate- to large-sized basins include the Simulator for Water Resources in Rural Basins-Water Quality (SWRRBWQ) model developed by the USDA-Agricultural Research Service, the Soil and Water Assessment Tool (SWAT) model developed by the ARS, the Hydrology Simulation Procedure-FORTRAN (HSPF) developed by the US EPA and USGS (USDA 2001), and the Enhanced Stream Water Quality Model (QUAL2E) developed by the US EPA; however, many other mechanistic models exist. These models were developed to predict the impact of land-management practices on water, sediment, and agricultural chemical yields in moderate- to large-sized watersheds with varying soils, land-use, and management conditions over long periods of time.

These models can be used to describe changes in water quality over various geographic scales and time scales, and can predict changes in water quality in response to various watershed changes. These models, however, require extensive watershed, climate, and water-quality information. Like any mechanistic model, changes simulated by the model only incorporate the effects of the specific processes included in the model.   

I. STUDY APPROACH AND METHODS

During the first decade of NAWQA, considerable effort was made to establish the status of stream quality over time at a few sites downstream from selected land uses (Figure 4). The structure of algal and benthic-invertebrate communities also can be described at these fixed sites.  Although numerous synoptic studies were conducted during Cycle I of NAWQA, most of the study objectives were driven by individual study unit needs making most of these studies ineffective for regional synthesis of results.  One of the primary emphasizes for the NEET study is to extend in space the understanding of relations between nutrient conditions and stream biological response. An important aspect of the overall approach for NEET is to develop a hierarchical framework of environmental settings through scales spanning the national and regional results through and down to actual site selection. 

Study Unit Role in Nutrient Enrichment Effects for Cycle II

One of the objectives of the NAWQA Implementation Team (NIT) was to rank study units for inclusion in Cycle II, particularly in relation to their importance in terms of agriculture. The ranking was done using a combination of total nitrogen application (commercial fertilizer and manure application), total pesticide application, extent of agricultural lands, and irrigation intensity. The final ranking of 59 study units (prior to combining a number of study units, was provided in Appendix D of the study unit selection document. The result of the ranking and Cycle II selection process were three groups (FY 01, 04, 07) of 14 study units that will be assessed in various ways in cycle II. 

Based upon a combination of the agricultural ranking along with study unit interest and expertise, NAWQA selected nine study units to be considered in the first set of NEET study units (FY01). Due to budget limitations and long-term (Cycle II) design considerations, NEET leadership decided to re-evaluate all 42 potential study units in terms of agricultural importance relative to the feasibility of NEET study in the overall plan for Cycle II.  Importance is defined in terms of the highest nutrient input to land (total N and P) across the largest areas of primary categories of agricultural settings and hydrologic settings describing stream-flow generation.  

The following factors are considered in such a scheme to systematically describe the environmental settings important to the objectives of NEET.

1. Area of agricultural land 

Land use data for this analysis were from the 1992 NLCD (1 km grid).  Agricultural land was defined as grid cells that were predominantly row crops, small grains, orchards/vineyards, and pasture. This information is deemed necessary to normalize for those study units with extremely large and small areas of agriculture.  Also, study units with marginal areas of agricultural land would hamper the ability to conduct synoptic studies that would be used by the NEET.

2. N and P intensity on agricultural land

Nutrient input data are readily available for agricultural regions and nationally consistent over time by county.  Fertilizer and animal manure N and P were estimated from 1997 USDA agricultural statistics by county.  Wet-deposition N was obtained from 1997 NADP statistics.  These anthropogenic factors will be important for relating NEET results back to policy and management implications for improving the aquatic health of streams. Each of the nonpoint nutrient sources were apportioned to agricultural land described in factor 1 above and summed for this analysis.

3. Irrigation intensity on agricultural land

For each study unit, 1995 surface water and ground water used for irrigation was divided by agricultural land area.  Hydrologic Landscape Regions do not account for this aspect of physical hydrology, which has potential affect on mobilizing nutrients from agricultural areas to streams.  Some streams draining irrigated agricultural areas in arid regions did not flow before irrigation, for example. 

4. Possible compartments of Hydrologic Landscape Regions (HLRs) within agricultural land (agricultural settings)

HLRs were used to as a national framework to estimate streamflow generation, a critical design component planned for stratification of study regions by NEET.  For example, regions of wet, hilly and high-permeable surfaces and subsurfaces are expected to generate more baseflow and less flashy runoff to streams than regions of wet, flat, and low-permeable surfaces and subsurfaces.  HLRs were chosen as a basic stratification framework for study-unit selection.  The combinations of agricultural land with the various HLRs, termed herein as agricultural settings, were deemed important for estimating feasibility to implement the NEET study within a study unit. . The results of this analysis for all 42 Cycle II study units has been summarized in Appendix B. A similar characterization of agricultural settings, but limited to cropland agriculture only, was used for selecting the fixed sites for the NAWQA trends component of the program.  It is planned that as many of these indicator trends sites as possible will be incorporated into the NEET sites

5. Distribution of N and P input intensity over agricultural land

A goal of Cycle II NEET studies should be to cover the national range of N- and P-input intensities over agricultural land.  The range of N and P intensities within a study unit may also be important for selecting sampling sites within versus among study units for a targeted agricultural setting.  Intensities were computed for independent basins ranging in size from 150 to 1,250 km2 in each study unit. The attached plots (Appendix A figs 1a and 1b) show the distribution (10th, 25th, 50th, 75th, and 90th percentiles) of N and P input intensity onto basins in each study unit where total agricultural land exceeds 10,000 km2.  The range of these data for each study unit is included for additional evaluation, but did not contribute to the study unit rank. 

6. Median ratio of nutrient output to input in non-urban streams

It is known that across the variety of the nation’s environmental settings, the ratio of N and P output to receiving streams to N and P input onto land can differ considerably.  Theoutput-input ratios were computed for small to intermediate size, non-urban, fixed-site basins in ’91 and ’94 NAWQA study units (the ’97 outflow data were not yet available) on an annual basis.  The median of these ratios ranged from 1 to 34 percent for nitrogen and from 2 to 27 percent for phosphorus for each study unit. This information was included for additional evaluation, but did not contribute to the study unit rank.

Table 1 summarizes how theses six factors were used to evaluate environmental settings study units for NEET study.

Table 1. Use of environmental factors in ranking study units for inclusion in Cycle II NEET study

	Environmental Factor
	How ranked or evaluated

	1. Area of agricultural land 
	Study units with less than 10,000 km2 not considered

	2. N and P intensity on agricultural land
	Compute intensity over agricultural land area (item 1) for each study unit and rank.

	3. Irrigation intensity on agricultural land
	Compute intensity over agricultural land area (item 1) for each study unit and rank.

	4. Agricultural settings (HLR-agricultural land combinations)
	After summing ranks of factors 2 and 3, inspect low ranking study units for agricultural setting that could be missed nationally.

	5. Distribution of N and P input intensity over indicator-sized basins
	After summing ranks of factors 2 and 3, inspect low ranking study units for amount and range of nutrient input intensity that could be missed nationally.

	6. Median ratio of nutrient output to input in non-urban streams
	After summing ranks of factors 2 and 3, inspect low ranking study units for range of nutrient output to input that could be missed nationally.  This factor was not available for many of the study units started in 1997. 


The summary of top 28 NEET ranks on the basis of factor 1 through 3 are shown in Appendix C. The ACFB and GAFL are considered as a single study unit in terms of budget allocation and interaction with the Agricultural Chemicals Transport topic.  The ranking statistics, however, were kept separate for the purposes of this analysis.  All of the originally considered study units for the 2001 group ranked among the top 28 study units for NEET

Many factors used in this NEET re-evaluation of study units were purposely related to the original NIT ranking of study units for Cycle II for covering the variety of agricultural settings in the Nation.  Rather than capturing the variety of total pesticide use, however, we substituted phosphorus use applied to the ground.  N and P application was therefore emphasized and intended to also estimate the most significant nutrients sources to the land including manure application to cropland and pasture.  The NEET summary ranks were fairly consistent with the agricultural-importance ranks developed by NIT.  The newly combined study units (CCYK, PODL, TENN, and WHMI), which were analyzed as a single study unit in this re-evaluation ranked somewhat differently for the new combinations, particularly for the PODL and TENN.  Areas where nutrients were apparently a different issue compared to pesticides may be one plausible reason for major differences in the NEET versus NIT agricultural ranking.  Examples where study units were ranked higher agriculturally by NEET than be NIT were the CACI, OZRK, and YELL; areas were grazing of livestock may be more extensive than pesticide use.  

Further evaluation via factors 4 – 6 suggested that the lower-ranked WMIC and SPLT study units do not provide unique environmental settings for NEET that could not be fulfilled with one of the top 19 study units. An exception is HLR 12 within the SPLT, but that region primarily consists of dry-land crops and streams that rarely flow.  The WHMI, which ranks in the middle according to factors 1 – 3, is among the four highest medians, exhibits a large range of nutrient-input intensity, and shows a relatively high average output-to-input percentage for N and P.  Most study units appear to have basins with lower ranges of N- and P-input intensity perhaps encompassing areas of forest and other non-agricultural lands.  According to the figures in Appendix A, however, this may not be the case for EIWA and LIRB. In contrast, study units such as USNK, SACR, and YELL exhibit very low ranges of nutrient input intensity and may be difficult to incorporate singularly to assess a very large nutrient gradient in streams.  Based upon this analysis, the core study units for the FY01 group include the SANJ, CNBR, ALBE, PODL, ACFB-GAFL, CCYK, and WHMI.  If the number of FY01 study units participating in NEET must be reduced to less than these seven, other evaluation factors will need to be used that could override this national analysis. Examples would be logistics of feasible study operation or integration with other topical studies.

Selection of Study Subregion(s), Basins, and Sites within Study Units

The primary objective of NEET is to determine the relation between nutrients and biological communities in agricultural streams. In order to accomplish this, it will be critical to minimize the effects of natural factors so that we can assess biological communities over a range of nutrient conditions. Examples of natural factors include climate, physiographic region, land cover, soil, surficial geology, elevation, and stream size. Blocking on dominant natural features permits us to minimize their influence, thereby maximizing our ability to develop more accurate nutrient-biological relationships. Many of these natural factors are incorporated into various geographic classification systems, such as in Hydrologic Landscape Regions (HLRs), Ecoregions, or aggregated Nutrient Ecoregions.  The degree to which these national and regional geographic systems work are a function of the scale and therefore may have substantial limitations for areas of the size within a study unit. This section provides some general concepts that NEET will use for selecting regions (strata) within a study unit, along with the selection of sites. 

Step 1: Selection of subregion(s) within study units: 

Many of the study units in NEET contain more than one geographic area with somewhat homogenous environmental features. NEET will not rely on any one factor for selecting these areas, but instead will utilize information from different sources to select a study area within a study unit. At present, NEET will rely on combined information from Hydrologic Landscape Regions, stream flow conditions (Base-Flow Index), and soil texture to provide physical data for selecting regions, with stream habitat and nutrient conditions providing the additional information for determining if an area is appropriate for inclusion in the NEET study. It should be noted that study units within a specific region would work together to co-design their study. Below are a series of factors that NEET will consider in the selection of major strata within a study unit. 
1. Hydrologic Landscape Regions (HLRs): HLRs are based on landscape form (relief), geologic texture (permeability), and climate (Winter 2001). HLRs will only be used as an initial screening tool for evaluating various areas within a study unit. These HLRs can be viewed as independent regions with unique characteristics, or combined into larger climatic agricultural regions like arid plains and plateaus (CCYK and SANJ) or humid plains (PODL, ALBE, ACFB, GAFL) (Table 2). In contrast, study units like CNBR contain a combination of arid and humid agricultural areas. The coverage of HLRs selected for NEET investigations also will be compared to coverage of USEPA Nutrient Ecoregions. 

Table 2—Distribution of agricultural land within Hydrologic Landscape Regions for the FY2001 group of Cycle II NEET study units. [Numbers are percent of agricultural land within specified HLR and study unit]. 

	
	
	
	Hydrologic Landscape Region

	Study unit
	Agricultural-land area

(km2)
	Climatic agricultural region
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	15

	PODL
	20,684
	Humid plains

Corn, alfalfa, soybeans, pasture
	18
	9
	12
	10
	 
	 3
	6
	 
	31
	 
	4
	 
	 

	ALBE
	23,337
	Humid plains

Corn, alfalfa, soybeans, pasture, cotton
	5
	33
	8
	14
	 
	2
	24
	 
	1
	 
	6
	
	 

	ACFB
	15,286
	Humid plains

Corn soybeans, peanuts, vegetables, pasture, cotton
	48
	33
	 
	3
	 
	 1
	15
	 
	 
	 
	 
	 
	

	GAFL
	37,535
	
	68
	19
	
	4
	 
	 
	9
	 
	 
	 
	 
	 
	 

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	CNBR
	43,165
	Semi-humid plains

Corn, soybeans
	18
	1
	32
	2
	12
	7
	7
	20
	1
	4
	3
	 
	 

	WHMI
	37,327
	Semi-humid plains

Corn, soybeans
	 
	
	19
	14
	 
	20
	14
	 
	18
	 
	15
	 
	 

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	CCYK
	23,797
	Arid plains & plateaus

Wheat grains, alfalfa, potatoes, vegetables
	 
	 
	 
	
	10
	 
	 
	
	1
	64
	
	
	20

	SANJ
	25,525
	Arid plains

Corn, wheat grains, vegetables, cotton
	 
	 
	 
	1
	82
	 
	 
	 
	 
	6
	 
	6
	2

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	SPLT
	22,823
	Semi-arid plains

Wheat grains
	
	
	5
	1
	23
	2
	 
	2
	 
	28
	 
	31
	 

	WMIC
	19,718
	Semi-humid plains

Corn, alfalfa
	6
	23
	22
	17
	
	13
	8
	1
	10
	
	
	
	


2. Base-Flow Index: Two important factors that influence stream communities are stream discharge and whether streams are driven by overland runoff or from ground-water discharge. The processes that produce streamflow are complex, and many factors influence the source, timing, and magnitude of streamflow. The BFI program (http://www.usbr.gov/wrrl/twahl/bfi/) was developed to make the base-flow separation process less tedious and more objective. The program implements a deterministic procedure proposed in 1980 by the British Institute of Hydrology. The method combines a local minimums approach with a recession slope test. The program estimates the annual base-flow volume of unregulated rivers and streams and computes an annual base-flow index (BFI, the ratio of base flow to total flow volume for a given year) for multiple years of data at one or more gage sites. Although the method may not yield the true base flow as might be determined by a more sophisticated analysis, the index has been found to be consistent and indicative of base flow, and thus may be useful for analysis of long term base-flow trends. Users should be very cautious about using methods such as this for short-term storm events or for locations where streamflow is affected by upstream regulation, such as reservoir releases. In general, the method interprets most regulated releases as base flow. If the program is used for regulated streams, the effects of regulation must be carefully accounted for through manual adjustment of the program output. The dot plots of figure 6 show the spatial pattern of computed BFI for all the USGS gage sites with at least 5 years of record.  Given all of these caveats about mechanized calculations of a base-flow index, it is believed to be a useful metric for describing the relative stability of stream flow needed for selecting groups of stream sites for NEET purposes.  A candidate subregion should exhibit a relatively consistent pattern of high, medium, or low BFIs.
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Figure 6—Distribution of base-flow index computed for streams gaged by USGS with greater than five years of streamflow data.

3. Soil texture: While the HLRs do incorporate soil permeability, soil texture is another factor that needs to be evaluated separately at the subregions scale within a study unit. Soil texture is important because it is one of the primary driving factors that determines whether there is surface or groundwater dominated stream flow and the amount of potential phosphorus-associated sediment that reaches streams from overland flow. Soil texture maps by study unit will be compared to assist in selecting areas within a study unit. The data source for this effort will include STATSGO for national comparability as well as any smaller scale coverages if they are available. Ironically, national and regional synthesis efforts by NAWQA scientists have discovered that STATSGO values for soil permeability have not been a reliable predictor of nutrient variability in streams. Some surrogates of soil permeability from STATSGO, such as soil percent clay or sand and soil hydrologic group, have been more reliable. A subregion candidate, therefore, is expected to exhibit fairly consistent soil texture based on one of these STATSGO soil permeability surrogates.

4. Sufficient stream network with biological communities and range in nutrient conditions: While selecting areas within a study unit for inclusion into NEET, it is critical that a region within a study unit contain sufficient sustainable flow (perennial), an adequate number of sites, somewhat comparable physical habitat, and a range in nutrient conditions across the subregion. While it is recognized that satisfying all of these criteria at all sites may not be possible, it is important that these factors play a role in selecting the area within a study unit for the selection of sites. Stream habitat is expected to have significant influence on the biological response to nutrients conditions within a study unit.  Consistent information about habitat, such as relative shading, is not available nationally. Habitat, therefore, will be an important measurement in the field and must be accomplished with some knowledge of the variety of habitats across study units.  Qualitatively estimated habitat may be used in the site-selection process to ensure some representation within a study-unit stratum. 

Step 2: Selection of basins and sites within study units 

The selection of basins and sites within basins will be based upon a list of criteria listed below. Study units within a similar region (e.g. arid agriculture) will utilize as similar criteria as possible in order to facilitate multi-study unit comparisons. Every attempt should be made to select basins and sites that are independent of each other, although it is recognized that this will not always be possible. 

1. Basin size between about 50 and 500 km2 and (or) streamflow between 50 and 200 ft2/s: Stream and/or watershed size are important factors that influence stream communities and how they interact with physical and chemical variables. Therefore, in order to minimize this effect, NEET will focus its efforts on streams/watersheds within a specific size range. Furthermore, NEET has decided to focus a larger percentage of its efforts in small to medium size streams, with minimal efforts in larger river systems. Streamflow is expected to be perennial and typically have mean-annual flow of less than 200 ft3/s. Many of the indicator trend sites remaining in the NAWQA Program have basin sizes larger than 500 km2 particularly in the semi-arid west. [Study-unit ecologists need to check this upper limit for feasibility of study].
2. Base-Flow Index: While the BFI will be readily available at USGS gaged sites, every attempt will be made to use this information in the selection of sites, or at least reaches where sites may be selected. Stable-flow characteristics may have to be extrapolated to ungaged sites on the basis of study-unit investigator knowledge of the environmental settings.

3. Nutrient loading:  Nutrient input data are readily available and nationally consistent over time by county. Fertilizer and animal manure N and P were estimated from 1997 USDA agricultural statistics and wet-deposition N was obtained from 1997 NADP statistics (Ruddy and others, in review). These data will be used to estimate the loading of N and P to actual basins contributing to various reaches, or sites, within a study unit and therefore will provide the critical first attempt at selecting sites along a gradient of nutrient conditions. 

In order to facilitate the selection of basins and sites, NEET will provide a list of criteria for site selection. Where these criteria have nationally consistent coverages, the Hydrologic Systems Team (HST) may be able to help locate candidate basins/sites within each NEET study unit. Study units will then evaluate these candidate sites to determine if they are appropriate based upon existing data on nutrients, habitat, and biological conditions. Study units will have the ability to add to the candidate site list based upon Cycle I data and their knowledge of the area.  Once a list of candidate sites is completed, study units will follow up with a field reconnaissance to evaluate the feasibility of a site in relation to location, stream habitat, and nutrient conditions. Nutrient conditions can be evaluated based upon existing data, or surface water samples can be collected screened by field measures and (or) sent in for laboratory analysis in order to verify the position of the site along the nutrient gradient within the targeted subregion.  

Methods for objective 1: Define the relations between biological communities and nutrient conditions in streams from contrasting environmental settings.

H1: Biological communities respond to a gradient of nitrogen and phosphorous enrichment, with the nature of the response (i.e. threshold) differing depending on biological interactions with stream hydrology and habitat in different environmental settings.  

H2:  The relative dominance of benthic and seston algae in agricultural streams influences ambient nutrient concentrations, water-quality processes such as organic enrichment and resource partitioning, and the structure and function of aquatic organisms.  

H3:  Stream habitat complexity has a greater influence on biological communities in agricultural streams where nutrients are above saturation concentrations

Objective 1 will be addressed using a large-scale spatial design (n=25).  Within each study unit, sites will be selected to capture the range of nitrogen and phosphorus concentrations occurring within an agriculturally influenced region. The 25 sites selected will include fixed sites from the trend network or the ACTS sites (Fig. 7, schematic map).  The remaining sites will be synoptic sites that were either sampled during Cycle I or are new sites.  The site selection process is still developing; however, there are several site selection criteria already determined: 1) streams must be perennial; 2) streams should generally be wadeable, or if not wadeable, can be sampled adequately using existing NAWQA protocols; 3) all sites should have some type of hard substrate (snags or rock) and fine-grain habitat for biological sampling; and 4) sites selected within similar groups of hydrologic landscape regions should be as similar as possible with regard to environmental conditions other than nutrient concentrations.  The ability to select environmentally homogenous sites will vary widely among study units and this guideline is intended as a general consideration.

Objective 1 sampling will occur during a single sampling period (summer-fall). This time frame was selected because it permits sampling during the most stable flow period.  While there are distinct seasonal influences on nutrient concentrations and their corresponding ecological effects, sampling during a single index period will permit the strongest comparison among the study units given financial constraints (the high budget senario incorporates a seasonal component).  Furthermore, the index period will correspond to the period when biological productivity is highest and therefore stress from elevated water temperatures and extremes in dissolved oxygen are most limiting to aquatic life. Utilization of a summer or fall stable flow period for sampling is also important in order to reduce variability associated with scour effects after flood events (Biggs 2000). 

Once sites are selected, reach lengths will be established according to the NAWQA habitat protocol (Fitzpatrick et al. 1998).  All physical, chemical, and biological data will be collected from this reach.
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Figure 7. Schematic of primary data-collection sites in a Study Unit as part of the topical study for nutrient-enrichment effects. 

Chemical/physical parameters

A core group of chemical variables will be sampled at each site (Table 3). Nutrients (nitrogen and phosphorus), particulate and dissolved organic carbon (POC, DOC), suspended sediments, and possibly silica will be determined at the NWQL. Because the algae community at any point in time represents a response to nutrient concentrations (and other environmental conditions) during a previous time interval, we will collect nutrient samples two times at each site. One sample will be collected approximately 30 days prior to the full sampling effort, with the second sample collected during the full sampling effort. Samples for the other parameters will be collected only during the full sampling effort. Field parameters collected at each site will include water temperature, dissolved oxygen, turbidity, conductivity, and alkalinity.  All field collection and processing methods will follow those outlined in Shelton (1994).

Biological parameters

Biological assessment will focus on parameters documented as closely linked to nutrient conditions in streams. This list includes the key variables needed by the U.S. EPA Nutrient Criteria effort (EPA 2000). Biological measures used to address objective 1 include benthic algal and invertebrate communities, benthic and seston chlorophyll a, and benthic algae and aquatic macrophyte/macroalgae biomass.  

Algal community assessment will include the collection of two composite samples at each site, a richest targeted habitat (RTH) sample and a depositional targeted habitat (DTH) sample.  The RTH sample will emphasize a standard habitat type within each study unit, either woody debris (snag) or coarse bottom substrate (cobble). Both RTH and DTH samples will be subsampled for chlorophyll a and ash-free dry mass (AFDM). The feasibility of using artificial substrates for assessing benthic algal communities and biomass is proposed in the high budget senario.  

In contrast to benthic algae, seston algae will be assessed in a more limited manner. A seston water sample will be collected from each site and field processed to obtain a chlorophyll a sample and an algal community sample. The seston chlorophyll a sample will be processed and analyzed using the same procedures used for the benthic chlorophyll samples. The seston algal community samples will be archived and analyzed only if funds are available.  The methods of collection and field processing will follow standard NAWQA protocols (Porter et al. 1993).  Study units collecting algae from cobbles will have the option of utilizing either the SG-92 algae collection device or collecting from whole rocks (Porter et al. 1993).  In some study units the SG-92 was ineffective because of the rough texture of cobbles.

Aquatic macrophytes and macro-algae are known to comprise a significant percentage of the biomass in some study units, and therefore may be the dominant primary producers. Therefore, macro-plants will be assessed for percent cover using a rapid field method, as outlined in Biggs and Kilroy (1994). Furthermore, quantitative samples will be collected from each site in order to estimate dry weight per unit area.  Quantitative samples may be taken with various methods as long as material is collected from a measured area and water depth is measured.  One simple method is to use the NAWQA RTH invertebrate net to collect material from a 0.5 m by 0.5 m area in front of the net.  Material is then rinsed to remove sediment and other debris, air dried, then dried to a constant mass at 105 degrees C. 

Benthic invertebrate communities will be assessed at each site by collecting a single RTH composite sample as outlined in Cuffney et al. (1993). Each study unit will collect invertebrate samples from the same habitat sampled for RTH algae.  As mentioned earlier, it is highly desirable to collect from the same hard substrate (submerged woody debris or rock) at all sites to facilitate comparisons within each study unit.  All study units must collect from a hard stable substrate at every site in order to facilitate regional or national comparisons. All samples will be field processed in accordance with NAWQA protocols and shipped to the NWQL Biological Laboratory for a 300-count procedure. 

Fish communities will not be assessed as part of Objective 1.  However, study units may want to add fish communities if there is local interest and adequate funding support within the study unit.  If fish communities are assessed then the study unit will follow all protocols provided in Meador et al. (1993). Furthermore, it will be necessary to collect the full habitat protocols (see next section) as outlined in Fitzpatrick et al. (1998). 

Table 3. Chemical and biological parameters collected at each site. 

	Chemical/physical
	N
	Schedule 
	Biological
	N
	Schedule 

	Laboratory parameters
	
	
	Laboratory parameters
	
	

	Nitrogen (NO3, NO2, NH4, TN) and phosphorus (OP, TP) (mg/L)
	2
	2711
	Benthic algae taxa
	2
	RTH

DTH

	DOC (mg/L)
	1
	2613 
	Seston algae taxa
	1
	Archive only

	POC (mg/L)
	1
	2631 
	Benthic chlorophyll a (mg/m2)/AFDW (g/m2)
	2
	1632 

	Silica (optional) (mg/L)
	1
	
	Seston chlorophyll a (mg/L)
	1
	1637

	Suspended sediment (mg/kg)
	1
	District 
	Benthic invertebrates
	1
	2172- 300 count 

	
	
	
	Macrophytes
	
	% cover and DW

	
	
	
	
	
	

	Field parameters
	
	
	Field parameters
	
	

	Dissolved oxygen (mg/L)
	
	
	Macrophytes (% cover)
	
	

	Water temperature ((C)
	
	
	
	
	

	Conductance ((S/cm)
	
	
	
	
	

	Alkalinity (mg/L)
	
	
	
	
	

	pH
	
	
	
	
	

	Turbidity (NTU)
	
	
	
	
	


Physical Habitat

The assessment of physical habitat at each site will include the collection of basin, segment, and reach-scale data following the methods of Fitzpatrick et al. (1998).  Adhering to the NAWQA habitat protocol is important in that there will likely be a need to combine data from NEET with the urban topical team (ULUG) and/or the trends program; therefore, using the same protocol will insure full comparability. However, while NEET will be focusing on small to medium sized streams, there will be occasions when the standard habitat protocol may be too time consuming or impractical for completing. NEET will work with the authors of the habitat protocol and others to determine how to best handle these sites without losing comparability. 

Additional habitat variables that are presently under review for potential inclusion include near-bed water velocity measurements, pebble-counts, and continuous water temperatures. 

Data Analysis

The approach for data analysis will depend one the specific portion of this objective being addressed. However, this objective will rely heavily on correlation and regression analyses and various forms of multivariate analysis including ordination and classification. For example, to determine the nature of biological responses to nutrient concentrations, one could use assess the distribution of a biological measure (chlorophyll a) overall range of nutrient conditions, or use various regression models for testing whether a biological response has a threshold or linear response to an environmental variable. Also, results from cycle I have shown that the use of canonical correspondence analysis (CCA) has proven very useful in understanding which variables are strongest for explaining the distribution of biological communities.  

Methods for objective 2: Determine the relations between nutrients, algae, and primary productivity at the watershed scale.

H4: Stream metabolism differs as a function of gradient of nitrogen and phosphorous enrichment.
H5: Stream metabolism differs as a function of physical factors (hydrology, land use, riparian buffer, canopy cover).
Aquatic food webs depend on organic matter form two sources: autochthonous (produced within the stream) and allochthonous (coming from outside the stream channel).  Sources and types of organic matter within and entering the stream can change due to land use with the stream catchment (Young and Huryn 1999).   For example, removal of the riparian zone can increase levels of available light to the stream and may potentially increase primary production (Feminella et al.  1989).  Increases in primary production within a stream may also result from increases in levels of nutrient concentrations due to urban or agricultural development.   Such nutrient increases may result in the formation of large algal mats, altering habitat and potentially subjecting the stream to periods of oxygen depletion.  Assessing steam metabolism and algal-nutrient dynamics is critical due to the overall importance of dissolved oxygen and determining whether food production is autochthonous or allochthonous.  Determining the relative contribution of organic matter sources to the food web can be determined by examining two components of community metabolism: community respiration (CR) and gross primary production (GPP) (Young and Huryn 1999).  Community respiration is a function of oxygen consumption by all plants, animals, and bacteria living within the stream channel.  Gross primary production is a combination of the primary production of algae, cyanobacteria, bryopytes (mosses), and aquatic macrophytes.  

Measuring community metabolism in streams usually involves determining diel changes in dissolved oxygen concentrations and is generally determined using either a closed system (chambers)(Bott et al. 1978, Bott 1996) or whole-stream methods (Marzolf et al. 1994, Bott 1996). Advantages of closed chambers include the possibility of replicate measurements within a stream reach and not having to estimate or measure rates of oxygen loss or gain due to physical reaeration.  However, closed chambers have been reported to misrepresent metabolism due to disruption of benthic community interactions, alteration of natural physical factors that influence metabolism (e.g. velocity, temperature), and nutrient depletion (Marzolf et al. 1994). Because of these and other limitations, there has been a trend to use methods that measure rates of whole-stream metabolism, commonly using diurnal changes in dissolved oxygen to estimate productivity and respiration at a single stream location (e.g. Sorenson et al. 1999 Porter et al.  2001) or using a paired-station (upstream-downstream) approach (e.g., Marzolf et al. 1994).  The advantage of the whole-stream technique is that there is no alteration of the system (i.e. “chamber effects”) and all components (water column, benthic, and hyporheic) of the stream system are included. However, the use of an open-system technique may require an estimate or measurement of reaeration, the air-water exchange of oxygen (Marzolf et al. 1994).
Objective 2 will be conducted simultaneously with objective 1 to minimize field effort and associated personnel costs. For objective 2, we will use either the diel single-station dissolved oxygen method (Sorenson et al. 1999), the paired-station (upstream-downstream) diel oxygen method (Marzolf et al. 1994), or a combination of both within each study unit. NEET is presently evaluating the advantages and disadvantages of both methods in addressing this objective. This approach will involve installing continuous monitors (e.g. Hydrolab DataSonde) at each site for a minimum of 48 hours, with measurements of DO, pH, temperature, and specific conductance recorded at 15-minute intervals.  The continuous monitors will be attached and locked to a permanent structure (bridge pier or tree), aligned so the probes are suspended in the middle of the euphotic zone as determined by light-extinction measurements. Approximately five sites within each study unit will be monitored simultaneously; the monitors will be retrieved after 48 hours and re-installed at new sites until all 25 sites in the study unit have been completed. New batteries and DO sensor membranes will be installed prior to the initiation of each new site. Light extinction will be measured using a Licor LI-250 light meter fitted with a LI-192SA underwater quantum sensor that measures PAR (photosynthetically-active radiation). The depth of the euphotic zone commonly is defined as the depth where one percent of subsurface irradiance remains (Round 1981).  Light extinction is measured and recorded at subsurface (ca. 1 cm below water surface), then at 0.1 m intervals until one percent of subsurface irradiance is measured or until the bottom of the deepest pool in the reach.  The light extinction coefficient and euphotic-zone depth are calculated in accordance with Wetzel (1983). NEET is evaluating the use of continuous light recorders for determining solar input during the period of the metabolism study at each site. Seston metabolism will be measured by suspending replicate light and dark containers (cf. standard limnological methods; e.g. Wetzel 1983) filled with stream water in the euphotic zone of the stream and measuring dissolved oxygen initially, and then after a minimum of 3 hr.  The measurements will be made during the linear phase of oxygen accumulation in stream water, generally between 9am and 3pm. Benthic-algal metabolism can be estimated by subtracting values obtained by light and dark container measurements from values obtained by whole-stream metabolism measurements. 

The oxygen concentration in surface waters is a function of metabolism and the transfer of oxygen across the stream surface (reaeration). The open-system method does require some type of estimation or calculation of reaeration. Reaeration is a function of slope, depth, velocity, and roughness. Methods for estimating reaeration include deoxygenation of water and measurement of return to saturation, floating dome method, using the oxygen record itself, addition of tracer gases, and the empirical velocity-depth equations.  In a methods comparison study of addition of trace gasses and the empirical velocity-depth equation, Young and Huryn (1999) reported that while the tracer gas method was generally more accurate, the two methods tended to be more similar in systems where reaeration coefficients were low. Given that the majority of the sites in the NEET study tend to be in lower gradient systems and the high number of sites to be assessed, we will utilize an empirical velocity-depth equation for the estimation of reaeration coefficients (Wilcock 1982). The data needed for this will be collected as part of the habitat data collection efforts. 

Methods for objective 3 Do biota and hydrologic exchange influence nutrient load, nitrogen transformations, and stream metabolism at the reach scale?

H1. Streambed geomorphology and alluvial hydraulic conductivity influence the mixing of stream and substream waters (hyporheic delineation) across regional landscape units.

H2. Surface-subsurface exchange (the quantity of stream water passing through the hyporheic zone relative to the quantity of water moving down the channel) influences inorganic nitrogen transport down the channel and whole stream metabolism.

H3. Heterotrophic (respiration) and chemolithotrophic (nitrification) microbial processes in the hyporheic zone and stream benthos influence porewater oxygen content and terminal electron accepting processes.

H4. Heterotrophic (respiration and denitrification associated with mineralization of dissolved and particulate organic matter) and chemolithotrophic (nitrification) microbial processes in the hyporheic zone and stream benthos influence inorganic nitrogen transport down the channel.

H5. Whole stream metabolism (photosynthesis and respiration) associated with benthic and sestonic communities influence inorganic nitrogen retention in the channel.

Nutrient-enriched stream ecosystems have an intrinsic capacity to process inorganic nitrogen and other nutrients in transport.  The net loss of nitrogen and phosphorus from nutrient-enriched agricultural systems can have significant biologic consequences in downstream receiving waters, particularly coastal estuaries vulnerable to eutrophication and hypoxia.

Regionally, geomorphic and hydrologic landscapes influence the physical characteristics of the channel.  Locally, hydrologic and biotic interactions in the hyporheic zone, benthos, and water column affect the transport and retention of inorganic nitrogen and other nutrients as they move down the channel.  Physical channel characteristics that promote interaction between stream flow and the dominant biotic communities increase nutrient retention.

By linking the landscape patterns of regional agricultural basins to the hydrologic and biotic controls of nutrient transport and retention within local drainages, biotic and abiotic factors that most effectively increase nutrient retention may be developed into a conceptual framework that might be of broader use in a national assessment program.
Part I.  Identifying and Characterizing Stream Flow, Groundwater Discharge, and the Hyporheic Zone along a Stream Reach.
There are four primary variables for tracing oxygen and N through a stream reach: (1) the rate of input from upstream and groundwater sources, (2) in stream processing by aquatic photoautotrophs and bacteria, (3) rearation for oxygen only, and (4) the rate of output from the reach (Alexander 2000, Duff and Triska 2000).  In order to quantify the interaction between stream metabolism, nutrient loading, and biotic processing in streams and rivers, we propose an integrated approach at one ACTS site per study unit (to be chosen) linking whole stream metabolism and nutrient biogeochemistry (based on mass flux) to hydrologic transport above and below the streambed.

Our initial objective will be to determine surface water hydrology, groundwater discharge, and surface-subsurface water interactions within each stream reach.  This approach will estimate rates of stream flow and groundwater discharge for the reach and, when linked with nitrogen chemistry in Part II (A), and whole stream metabolism in Part II (B), will enable us to calculate N transport-retention in the channel and N mass flux across the sediment-water interface.  Additional foci of Part II (B) will be on the interaction between whole stream metabolism and inorganic N biogeochemistry, with secondary focus on P biogeochemistry depending on resources and expertise at each study unit.  We will use two approaches for Part I.

(A) We will estimate groundwater input and determine discharge for the entire reach.  A bromide tracer solution will be injected into the stream at a uniform rate for two days. Selected reaches will be as long as 1 – 2  km between tributaries.  Bromide will be sampled at the base of a mixing reach and at one downstream location.  Approximately 60 –80 bromide samples will be collected to document the bromide rise, plateau, and fall at each location.  One sample per day will also be collected upstream of the injection to determine background bromide concentrations.  We will determine the travel time between sampling stations from the midpoint concentration rise on the leading edge of the bromide pulse.  By sampling bromide at the plateau phase when concentrations are relatively constant, dispersion and movement into or out of storage may be neglected as a factor when calculating bromide dilution.

In addition, one sampling "sweep" will follow a packet of water from the injection site to the base of the reach.  Sweep samples eliminate artifacts caused by slow changes in stream discharge at the injection site and therefore give the most accurate measurement of groundwater discharge by tracer dilution. By sampling the same “packet” of water as it progresses downstream, convective effects on bromide transport can be eliminated as a factor in downstream bromide concentration decreases.  Under these conditions, the only factor that results in downstream bromide concentration decreases is dilution by groundwater discharge.  Care must be taken not to disturb the streambed during the sweep.  Flow can be calculated at the downstream sampling site as:











(1)

where 

 is the flow at axial position x, 

 is the flow immediately downstream of the injection site, and 
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 are the tracer concentrations immediately below the injection site, at axial position x, and in background water respectively.  It is assumed that the background concentration of the tracer is the same in channel water upstream of the injection and in all entering groundwater.  The flow immediately below the injection site may be calculated from a similar mass balance as:











(2)

where 

 and 

 are the injectate flow and tracer concentration.

(B) A second approach for estimating the rate of groundwater discharge for the entire reach will be application of a mathematical model to the bromide data to describe the transport processes that control downstream movement of the tracer.  The advective dispersion model with a transient storage term has been shown to accurately predict tracer concentrations in a variety of stream environments (Bencala and Walters, 1983: Jackman et al., 1984, Runkel 1998).  Solute curves (downstream vs. time) will be used to fit model outputs from a one-dimensional transport with inflow and storage model (OTIS, Runkel 1998).  In analyzing the model results, attention will be given to the ratio of storage cross sectional area to channel cross sectional area, 

/

, which has recently gained wide acceptance as a mechanism for stream ecologists to characterize the hyporheic component (Bencala 1984, D’Angelo et al. 1993).  Recently, Runkel (In Press) proposed a new metric for determining the importance of transient storage based on reach travel time and mass transport, which may be substituted for As/A.

Part II.  Identifying inorganic nitrogen transport-retention and whole stream metabolism in relation to hydrologic transport in the channel.

A. Inorganic nitrogen transport

Microbial N biogeochemistry based on N mass flux will be measured during the bromide injection.  Nitrogen mass flux calculations will be divided into a surface water component (1) and a groundwater (sediment-channel water interface) component (2).

(1) DIN transport-retention in the channel will be determined along the reaches under ambient nutrient conditions.  Samples will be collected diurnally at upstream and downstream stations and analyzed for nitrate, nitrite, and ammonium to calculate the mass flux between stations (about 10 samples per station in two days).  DIN mass will be calculated by multiplying the discharge rate from the bromide tracer times the inorganic N concentration:

MIN = Q*CIN



(3)

where MIN = mass of inorganic N (umol N h-1), Q = discharge (L s-1) and CIN = concentration of inorganic N (umol N L-1).  DIN transport will be calculated from the mass flux between upstream and downstream stations:

FIN = MU-MD



(4)

where FIN = inorganic N flux between upstream and downstream stations (mmol N h-1), MU = mass of inorganic N at the upstream station (mol N h-1) and MD = mass of inorganic N at the downstream station (mol N h-1).  Mass fluxes between the stations will be converted to the area of the streambed (umol N m-2 h-1) by measuring an aerial conversion factor for each reach (Cooper and Cooke 1984, Duff et al 1996).

(2) Nitrogen mass flux across the sediment water interface will be calculated from the difference between groundwater DIN flux to the sediment water interface and the DIN flux from the sediment water interface to the surface water.  Groundwater DIN flux (umol N m-2 h-1) will be estimated from the discharge rate (L s-1) and DIN concentrations (umol N L-1) in groundwater discharge divided by the area of the streambed.  Average groundwater discharge will be estimated from the in stream tracer dilution experiment.  Average groundwater DIN will be estimated from a series of small diameter drive points deployed throughout the reach extending approximately 1 m below the sediment water interface (5 – 10 samples). This activity will be complimented by the ACTS study. DIN flux from the streambed to the water (or from water to the streambed) will be estimated from the upstream-downstream change in DIN mass divided by the area of the streambed.

(B) Whole Stream Metabolism

(1) Whole stream metabolism will be measured using a two-station diel oxygen mass balance (Marzolf et al. 1994, Fellows et al. 2001).  Dissolved oxygen concentrations will be measured at upstream and downstream stations in the reaches chosen for the bromide injection.  Oxygen concentrations will be measured for the duration of the injection.

(2) To account for exchange of oxygen between the stream and atmosphere, reaeration coefficients will be determined from the longitudinal decrease in steady state concentrations of a dissolved volatile tracer (propane) co injected during the conservative tracer injections described above.  Upstream-downstream DO values along with Q, reach travel time, and exchange with the atmosphere will be used to calculate net rates of oxygen change due to metabolism within the reach.
(3) Although the two-station diel oxygen method will permit the determination of whole stream metabolism, it will be important to separate the metabolism associated with suspended algae (“phytoplankton” or algal seston) from benthic-algal metabolism. Seston metabolism will be measured by suspending replicate light and dark containers (cf. standard limnological methods; e.g. Wetzel, 1983) filled with stream water in the euphotic zone of the stream and measuring dissolved oxygen initially, and then after a minimum of 3 hr.  The measurements will be made during the linear phase of oxygen accumulation in stream water, generally between 9am and 3pm. Benthic-algal metabolism (includes hyporheic zone) can be estimated by subtracting values obtained by light and dark container measurements from values obtained by whole-stream metabolism measurements.

Part III: Contribution of the hyporheic zone to whole stream metabolism and nitrogen retention: respiration and denitrification.

(A) The two-station diel oxygen method coupled with light and dark container estimates of sestonic algae will provide information on the relative contribution of the benthic and sestonic components of whole-stream metabolism.   In addition, it may be important to determine the relative contribution of the hyporheic zone to the benthic portion of ecosystem respiration.  Hyporheic respiration will be determined as the difference between whole-stream and benthic respiration values (Fellows et al. 2001).  To determine benthic respiration, benthic sediments will be placed in sediment trays and incubated in the stream for one month prior to being used in traditional recirculating chambers (Bott et al. 1978, Fellows et al. 2001).  Sediments trays will be placed in the chambers for approximately 3 hr in the dark followed by 3 hr in the light generally between 9am and 3 pm.  Chambers will be submerged in the stream during all runs and dark conditions will be achieved by covering the chambers (Fellows et al. 2001).  DO concentrations in the chambers will be measured using DO meters at 5 minutes intervals.  In addition, light will be measured as photosynthetically active radiation (PAR) photon flux density ((mol m-2 s-1) at 10 minute intervals. Nitrate and ammonium dynamics will also measured in the chambers.

(B) Denitrification enzyme assays will be performed on sediments collected from five locations in each stream reach using procedures outlined in Teidje (1982). The samples will be run in an NRP lab.

Appendix to Objective 3: Tracer Study Site Selection Criteria:

Smaller streams are preferable (e.g., <20 CFS). While there is no set discharge cutoff, streams with high discharge levels will require large amounts of bromide, and may require multiple injection points. Also, low gradient streams with a large amount of ground water –surface water interaction may require a much longer experiment.

A free flowing reach with no tributaries is desirable. If tributaries exist, the contributions to both discharge and nutrient fluxes caused by these inflows will have to be measured. If possible, a reach with no inflows should be selected. If inflows can not be avoided, select a reach where inflows cause a small (e.g., <10%) increase in flow.

Selecting the reach length should be based on the shortest reach where discernable differences in N mass balances can be measured. Since this is often not known prior to conducting the study, the reach length should be increased whenever possible (without adding significant inflows) so that there will be a greater possibility for increased biota- N interactions. Reach lengths on the order of 1-2 km are preferable. However, it is recognized that a shorter reach will be selected in many instances to avoid surface inflows.

If possible, select streams that have properties (e.g., permeable substrate) that are conducive to significant ground water – surface water interaction.

If possible, select stream reaches that have a constriction that will allow for the rapid mixing of injectate. 

Locating the tracer study with the GW-SW subgroup of ACTS is planned. Locating with the ACTS Flowpath group is strongly encouraged.

Methods for objective 4: Determine whether biota and nutrient relations can be regionalized using large-scale coverages of environmental factors. 

H10: The biological integrity of a stream is dependent on the environmental characteristics of   its watershed (regional characteristics), the habitat characteristics (site-specific characteristics), and the water quality in the stream.  

H11: GIS coverages of specific environmental factors can be used to subdivide large areas into zones with streams having similar biota/nutrient relations.

H12: Within a specific environmental zone, the biological community of a stream is dependent on site-specific habitat characteristics and water quality.
As part of Objectives 1 and 2, detailed physical, chemical, and biological measurements will be made in streams from contrasting environmental settings. These data will be used to describe the habitat structure, flow regimes, water chemistry (primarily nutrient concentrations), biological communities, and primary production of these streams and to define relations between the above variables. These relations will describe conditions occurring in the specific streams being tested; however, these streams represent only a small fraction of the streams in the study units or the Nation. Therefore, in Objective 4, we will try to use what is learned in Objectives 1 and 2 to test various classification schemes and develop prediction models within different geographic regions. 

Using data from Objectives 1 and 2, NEET will assess and test a range of different classification and statistical models. An example of one approach that will be used is outlined below: 
Step 1. -- Determine which environmental variables are most statistically related to water quality and habitat: Water chemistry and habitat structure in the monitored basins will be related to the environmental characteristics within the watershed by use of various regression techniques. The most important environmental characteristics will be determined by use of stepwise multiple regressions and regression-tree analyses. Variability in water chemistry and habitat structure will also be compared within and among various relatively homogenous regions (i.e., ecoregions, HLR’s, etc.).

Step 2. --Predict water quality and habitat structure in unmonitored streams of homogeneous regions: Water chemistry and habitat structure at unmonitored streams within the HLRs (or other stratification schemes) being examined by a study unit will be predicted by use of the empirical relations (from Step 1) and the environmental characteristics of the watersheds of the respective unmonitored basins. Since, the stratification process should result in most natural environmental factors in the unmonitored basins being relatively uniform , differences in water quality and habitat structure will be related to differences in land use and other factors that vary among watersheds. 

Step 3. --Predict some biological community variable of monitored streams of homogeneous regions: The predicted water chemistry and habitat structure (from Step 2) and the relations derived in Objectives 1 and 2 will be used to predict one or more biological community endpoints in unmonitored streams in the relatively homogeneous regions being examined. 

Step 4. --Determine which environmental variables are most statistically related to one or more biological community endpoints. The biological community endpoints in the monitored basins will be related to environmental characteristics in the basins of the monitored streams (similar to Step 1, but for biological indices). If relations are found, the biological community endpoints will be predicted throughout the relatively homogeneous regions being examined by use of the empirical relations and the environmental characteristics of the unmonitored watersheds.

Step 5. --Evaluate classification and predictive models:  The various extrapolation processes will be evaluated by comparing predicted and observed water quality and biological community structure.

Step 6. --Verify the strength of classification and predictive models: Each study unit will compare the data collected from three additional sites sampled at the same time as Objectives 1 and 2 with that predicted from Steps 2 and 4 using only the watershed characteristics of the unmonitored basins to determine how well the classification and models predict water quality and biological community structure. These three additional sites will be selected such that one will represent low and high nutrient concentrations.
Potential Additional Studies:

The four objectives presented above form the low budget study design for NEET. However, there were four additional design elements that NEET felt need addressed as part of our overall study. The four additional study components include: seasonality, artificial substrates, nutrient limitation, and food-chains. It is these four topics that, in combination with the primary study, compose the high funding scenario. 
Seasonality:  

The four primary objectives will provide a strong understanding on the relationships between nutrients and biological communities during stable-flow conditions when biological productivity is at its greatest. However, it is well documented that the relationships between nutrients and biological communities vary greatly over an annual period due to a wide array of factors including nutrient concentrations, light, temperature, and hydrology. Nitrate concentrations can vary in streams depending on the season, time of day, stream flow conditions, and source of water (Tate 1990).  Thus, response of algal community would also be expected to vary seasonally. The influence of changing environmental conditions on biological communities is particularly important in agricultural streams due to the strong influence of water use patterns. For example, irrigated streams in the Central Columbia Plateau experience high flow conditions during the growing season, which results in lower concentrations of nutrients during this period. In contrast, during the non-growing season flows are primarily driven by nitrogen-rich groundwater. This increase in nitrogen concentrations may drive far higher biological productivity than would occur under more normal conditions. 

The NEET approach for addressing seasonality is for each study unit to sample the same parameters as presented in Objective 1 but at 10 of the 25 original sites per study unit. Sites selected should represent the full range of the nutrient gradient. Whereas the sites sampled for Objective 1 will be done approximately during the same time period, these additional seasonal assessment sites may occur at slightly different times of the year for each study unit due to differences in natural and managed hydrologic systems. Furthermore, if possible, monthly sampling of seston chlorophyll a should be done at all fixed sites as part of the trends network. 

Artificial substrates:

Artificial substrates have been used for years to monitor algae or invertebrate communities and biomass in rivers where there are concerns about water quality but either a lack or inconsistency of natural substrates. There are advantages and disadvantages to using artificial substrates. Artificial substrata sampling is not recommended if the study objective is to characterize local community composition, the effects of natural physical perturbations, the interactions between physical and chemical perturbations, or the effects of water quality perturbations on natural periphyton communities (Biggs and Kilroy 1994). Advantages include normalizing important natural variables as in substrate, flow, depth, light, along with allowing replication in space or time. Therefore even with the advantages and disadvantages, some government agencies are interested in the use of artificial substrates for monitoring water quality. 

Artificial substrates would be an excellent companion study to the sampling of natural substrates because:

1) It would be a consistent substrate across all study units that would allow for scaling up of nutrient effects on algal composition and biomass at a regional and national scale.

2) It would factor out the effects of nutrients from other confounding factors mentioned above.

It would allow comparison of the natural community response to the artificial community response (both species composition and chlorophyll a) that would provide relevant methodological information to help USEPA and States in their development of nutrient criteria.  No other program has done this type of study at the national scale. Results from this study would provide USEPA and States a scientific understanding of the advantage and limitations of these different methods that might help them develop the best scientific and cost-effect approach to address the nutrient enrichment issue.
If a study unit decides to assess the feasibility of using artificial substrates to assess algal communities and biomass in agricultural streams, then they should use unglazed ceramic tiles at each of the 25 sites selected in objective 1. The tiles will be placed at the sites at the same time that nutrients are collected approximately one month prior to the major field effort for objective 1. During the period of Objective 1 sampling, five tiles will be removed and processed using the same methods as in Objective 1. Upon removing the tiles, a number of physical variables will be collected at the point of each tile. Variables to be collected include water depth, water velocity, and light. When the tiles are removed, Samples will be processed for algal communities (RTH), chlorophyll a, and AFDW.  

The tiles also provide an important secondary purpose in that the data on algae, nutrients, and habitat can be used to develop a regression equation to predict whether nutrient or physical variables explain the variation in chlorophyll a. This will permit a quick assessment of which variables, nutrients or physical, are driving algae production. This information will then be used for fine-tuning the design of the nutrient limitation study below. Regression analysis will be used to determine which of the nutrients and physical variables best explain the variability in benthic algal chlorophyll a. 
Nutrient limitation: 

Stream periphyton are known to be limited by an array of resources including light (Lowe and others 1986), flow (Moore 1977), and nutrients (Patrick 1966, Pringle 1990). It is important to note that agricultural streams tend to be at the higher end of nutrient conditions; therefore, many agricultural streams may in fact not be nutrient limited, but instead limited by physical factors as in light and temperature (Munn et al. 1989). Methods used to assess nutrient limitation include correlation techniques (Kilkus et al. 1975, Greene et al. 1997), whole stream enrichment (Peterson et al. 1993), nutrient enhanced flumes (Triska et al. 1983), and nutrient-diffusing substrata (Munn et al. 1989, Pringle 1990). While each approach has advantages and disadvantages, the most common methods used presently include whole stream enrichment and nutrient diffusing substrate. 

NEET proposes using nutrient-diffusing substrate to determine whether agriculturally influenced streams are nutrient limited, and if there are, whether they are limited by nitrogen or phosphorous. For this study, six NEET study units will be selected that cover a range in agricultural settings and hydrologic landscapes. Nine sites will be selected within each study unit, with three sites in each of low, medium, and high nutrient conditions. Nutrient-diffusing substrate will consist of agar filled clay pots with the following combinations of nutrients: nitrogen, phosphorous, nitrogen+phosphorous, and control (agar with no additions). Each site will have three replicates of each of the four treatments, with the substrates left in the stream for a four-week period. At the end of the study, each clay pot will be collected with a sample removed from the pot for chlorophyll a and AFDW analysis. Surface water nutrient samples will be collected at the time the substrates are placed in the streams, and then again when they are picked up.  Intrasite differences in chlorophyll a concentrations attributable to nutrient treatments will be tested using a one-way ANOVA.  

Food-Webs in Agricultural Streams: 

The agricultural streams in the NEET study will contain a wide range in both biological productivity and physical habitat complexity, which results in a number of different types of potential food-webs. Understanding food-webs will permit NEET to identify the primary sources of organic matter, determine the organization of the different trophic levels within the web, and identify the food source for each consumer (Hershey and Peterson 1996).  There are three methods for determining food-webs, gut analysis, energy budgets, and stable isotope studies. For this study, NEET proposes selecting four NEET study units to assess the use of isotope analysis in understanding if food-webs differ among agricultural settings. Each study unit will select four sites with the following combination of conditions: 1) low nutrient concentrations, low habitat complexity; 2) low nutrients concentrations, high habitat complexity; 3) high nutrient concentrations, low habitat complexity; and 4) high nutrient concentrations, high habitat complexity. Five replicate samples will be collected from each of the following categories: 1) periphyton; 2) seston; 3) grazer benthic invertebrates; 4) filter-feeding benthic invertebrates; and 5) collector-gatherer benthic invertebrates. Each sample will be stored on dry ice and shipped to Carol Kendall’s (NRP) isotope laboratory in Menlo Park, California. Each sample will be analyzed for carbon and nitrogen isotope ratios, with this information used to determine the position of the various trophic groups in the food web, and well as the source of energy for each component of the food-web.
Relation to Status and Trend Components 

For all Study Units, as many agricultural indicator and integrator fixed sites from the NAWQA network of status and trends as possible will be incorporated into the sites selected for sampling to address the approaches to Objectives 1 and 2A.  Additionally, some reaches chosen for detailed research in nutrient cycling will be located in the vicinity of the intensive fixed sites used by the ACT topical study.  All of these sites are part of the long-term trend network for NAWQA.  This dovetailing will provide necessary anchoring of nutrient and biological conditions within the context seasonal and annual variability.  The intensive fixed sites also offer the opportunity to further develop hypotheses about the effects of pesticides on algal and invertebrate communities in the context of algal-nutrient relations.
Field and Laboratory Methods

Consistent field and laboratory methods and protocols, including associated quality assurance, must be used in each Study Unit to enable confident comparisons of results among Study Units for regional and national synthesis. Therefore, NAWQA field protocols will be employed wherever practical for chemical, biological, habitat, and physical stream measures (Shelton 1994, Fitzpatrick et al. 1998, Porter et al. 1993, Cuffney et al. 1993, and Mueller et al. 1997).  All samples for approach 1, 2A, and 3 and for verification of selected samples in approach 2B will be run through the USGS National Water Quality Laboratory (NWQL) for chemistry and macroinvertebrates according to current published methods (Fishman 1993, Moulton et al. 2000) and through The Academy of Natural Sciences-Philadelphia (ANSP) for algal taxonomy.

Many of the methods required by NEET are already addressed in published NAWQA protocols. However, there will be a need for the development of new protocols and sufficient training to ensure that proper and consistent methods are used. Below is a list of additional needs:

Macrophyte/macroalgae coverage and biomass- this method will be included in the new biological protocol manual presently in progress.

Stream metabolism- NEET will need to either adapt or develop a protocol for the use of continuous dissolved oxygen meters for use in objective 2.  

Tracers- Objective 3 will require the determination of hydrological exchange at the reach-scale. While this assessment will only be done at one site per study unit, it will work best to have a single national training workshop with a small number of people and then to have two groups do the tracer work for all study units. 

Data Analysis 

Each Study Unit will review their data for quality control and entered into a national database for comparative analysis. Selected personnel from the NEET will also review these data from a national perspective before regional and national comparisons and analysis can be conducted.  Each objective presented in the Approach and Methods section presented some form of data analysis. For example, objective 1 will utilize a wide range of analytical tools including regression for determining thresholds, ordination (CCA) for determining key driving variables, and regression/calibration models for determining species optima along environmental gradients. See specific objectives for more detail on statistical analysis of each objective. Along with statistical models, NEET will investigate the use of deterministic and mechanistic models that may prove useful for understanding the relationship between nutrients and biological systems. Specific models have not been selected at this point. 
J.  FEASIBILITY:  
Staff

Each NEET study unit estimated the staff needed to complete all proposed components of the NEET study from FY2002 to FY2006. While there was some variability in study unit projections, the range was from 0.94 to 2.69 FTE (average = 1.55 FTE) over the entire NEET study. One of the critical elements that all study units have agreed to is to have two people that maintain a higher percentage of time to the program throughout the study in order to maintain continuity. 
Table 4. Example of staffing matrix by specialist and year for intensive data collection beginning in FY03. Values in table are weeks by quarter, with the assumption of 13 weeks per quarter.  This matrix will vary by study unit due to staging start times. 

	
	FY2002
	FY2003
	FY2004
	FY2005
	FY2006
	Aver 

FTE

	Position
	Q1
	Q2
	Q3
	Q4
	Q1
	Q2
	Q3
	Q4
	Q1
	Q2
	Q3
	Q4
	Q1
	Q2
	Q3
	Q4
	Q1
	Q2
	Q3
	Q4
	

	Project chief
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	0.08

	SW specialist
	2
	2
	2
	2
	3
	3
	3
	4
	2
	2
	2
	2
	1
	1
	1
	1
	2
	2
	2
	2
	0.16

	Biol/Ecol
	10
	10
	10
	10
	5
	5
	10
	10
	10
	10
	10
	10
	10
	10
	10
	10
	10
	10
	10
	10
	0.73

	GW specialist
	 
	
	1
	1
	2
	2
	2
	2
	1
	1
	
	 
	 
	
	
	1
	2
	2
	2
	
	0.07

	Data-base manager
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	0.08

	GIS analyst
	4
	4
	4
	4
	1
	1
	1
	1
	1
	1
	1
	1
	2
	2
	2
	2
	2
	2
	2
	2
	0.15

	Lead technician
	 
	
	
	2
	 
	
	2
	6
	 
	
	6
	6
	 
	
	
	5
	 
	
	
	
	0.10

	Technician
	 
	
	
	2
	 
	
	2
	6
	 
	
	
	6
	 
	
	
	5
	 
	
	
	
	0.08

	Temp. student A
	 
	
	
	
	 
	
	
	6
	 
	
	
	
	 
	
	
	
	 
	
	
	
	0.02

	Temp. student B
	 
	
	
	
	 
	
	
	6
	 
	
	
	
	 
	
	
	
	 
	
	
	
	0.02

	TOPIC SU scientist
	 
	
	
	
	 
	
	
	 
	
	
	
	 
	
	
	
	 
	
	
	
	 
	0.00

	Illustrator/reports
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1
	1
	1
	1
	1
	1
	1
	0.03

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Total by SU
	 
	1.53


Reasonably approachable within budget constraints

All four objectives can be addressed through the six Study Units via the proposed budget scenario.  Because the primary agricultural regions in the nation will be addressed mostly through the first two groups (2001 and 2004 starts) NAWQA Study Units, NEET believes it to be essential to include all proposed study areas in this group so as not to miss opportunities to assess stream productivity related to nutrients in the most important agricultural regions and settings of the nation.  Scientific defensibility and confidence will of course improve with the proposed activities under the high funding scenario, such as ability to look at seasonal variability and effects on stream productivity and the comparability of algal substrates across the nation.

K. SCHEDULE:   

The NEET schedule is a based upon one pre-HIP year to assess existing data and select sites, two years for collecting (FY03-04), and two years for data analysis and reports (FY05-06). In order to accommodate budget issues, half of the study units will collect data for Objectives 1 and 2a during FY03, and the other half in FY04.   

Table 5. Summary of schedule of tasks for NEET. 

	
	FY02
	FY03
	FY04
	FY05
	FY06

	Pre-study tasks
	
	
	
	
	

	Data analysis and site selection
	

	
	
	
	

	Base Study-Low Funding
	
	
	
	
	

	Obj. 1 - Community structure
	 
	

	

	
	

	Obj. 2 - Community function-large scale
	
	

	

	
	

	Obj. 3 - Community function-small scale                  
	
	
	

	
	

	Obj. 4 - Regionalization
	
	

	

	

	


	Analyses and reports
	
	
	

	

	



L. PRODUCTS:  

Products include retrospective and NEET produces. Retrospective reports include those that are in progress, or planned to start this FY. These reports will include data collected from cycle I studies, but have significant implications to NEET. Retrospective reports can either be single study unit papers, or multi-study unit papers. 

Retrospective reports (FY02):

Calhoun, D.L. G.R. Buell, E.A. Frick, and E.H. Hopkins. Relation of land use to nutrient and suspended sediment concentrations, loads, and yields in the upper Chattahoochee River Basin, Georgia, 1972-2000. (Analysis and summary of sediment and nutrient data from Cycle I in ACFB, new NAWQA data, and data from the statewide USGS/EPD QW network) [ACFB]

Gregory, B. and D. Black. Biological and habitat conditions in the Piedmont Ecoregion of Georgia and Alabama, 1992-96. (retrospective of Cycle I ecological data from the Piedmont of ACFB and GAFL) [ACFB, GAFL]

Leland, H. et al. Phytoplankton succession and dynamics in relation to nutrient supply and other environmental factors in the White River, Indiana, 1993-95. [This report will look at nutrients, environmental factors, and the algae data at all fixed sites in the WHIT and phytoplankton data at three integrator sites]

Frankforter, J.and C.M. Tate. Relationships between nutrients and biological communities in the SPLT and CNBR NAWQA study units. [SPLT, CNBR] 

Frey, J. Effects of nutrients on productivity and biological communities in the White River Basin, 2001.  [Analysis of chlorophyll A and ash-free-dry-mass data collected by the USGS and nutrients, fish and invertebrate community data, land use, and habitat data collected at 34 sites in the White River Basin during July and September 2001] 

Robinson, B. Effects of nutrients on fish and invertebrate communities in Indiana, 1995-2000. 

[Retrospective analysis of nutrient concentrations in Indiana fish and invertebrate community data collected by the Indiana Department of Environmental Management between 1995-2000]

Robertson, D. Environmental Water-quality Zones for Streams: A New Regionalization Scheme. [WMIC]
Tesoriero, A.J., T.B. Spruill, and T. Mew. Transformation of nutrients along ground water flow paths: Implications for nutrient loading to streams. Journal. [ALBE]
NEET products
The present plan is to place a priority on multi-study unit and national reports, with study unit report beginning after the multi-study reports are near completed. The reports listed below will likely change in focus or authors, but provide a general overview of the numbers and nature of NEET reports. 

Priority 1 reports: Multi-study unit and national

Ator, S.; Black, D.; Cuffney, T. Importance of habitat and nutrients in structuring biological communities in low-gradient agricultural streams in the Eastern US. [PODL, ALBE, ACFB]

Black, R., L. Brown, and J. Frankforter. The role of habitat complexity in western agricultural streams on algae community composition and primary production. [CCYK, SANJ, CNBR]

Brown, L., J. Frankforter, and R. Black. The relative importance of benthic and seston algae to primary production in western agricultural streams. [SANJ, CNBR, CCYK]

Duff, J., A. Tesoriero, and H. Weyers. The influence of hydrologic landscapes on hyporheic exchange and nitrogen transport-retention in agricultural drainages.

Frankforter, F. and J. Frey. Stream metabolism in agricultural areas in the Midwest, a comparison of western corn belt to eastern corn belt ecoregions. [CNBR, WHMI]

Frankforter, J., L. Brown, and R. Black. The influence of nutrient gradients on primary production and algal community composition in western streams affected by irrigated agriculture. [CNBR, SANJ, CCYK]

Frey, J. and Frankforter, J. Comparison of algal community structure and primary production between tile-drained and untiled agricultural areas of the Midwest. [CNBR, WHMI]
Munn, M.D. and W. Bryant. Understanding the influence of nutrients on biota in streams: A comparison of urban and agricultural landscapes. 

Munn, M.D. and S.D. Porter. The relative importance of benthic and seston algae in influencing nutrient concentrations and biological community function.   

Robertson, D., J.D. Stoner, and M.D. Munn. Effectiveness of regionalization schemes for nutrient criteria—A preliminary analysis.

Short, T. Physical habitat complexity as a framework for characterizing effects of agricultural land-use practices on stream ecosystems.  

Tesoriero, A., Calhoun, D Weyers, H. Metabolism and nutrient dynamics in low-gradient agricultural streams in the Eastern US.  [PODL, ALBE, ACFB]

Weyers, H., Duff, J., A. Tesoriero Whole stream metabolism in streams draining six agricultural landscapes: the effect of community metabolism on inorganic nitrogen transport-retention.

Priority 2 reports:  Study unit

Black, R. The role of irrigation practices in defining the algal community structure and primary production in the streams of the Central Columbia/Yakima River Basin. [CCYK]

Blazer, V., C. Densmore, W.B. Schill, S. Page, J. Young, and H.S. Weyers.Influence of water-column nutrient concentrations on fish health. [PODL]

Brown, L. Community structure and primary production of algae communities in response to environmental variation in the lower San Joaquin River, California. [SANJ]

Calhoun, D., Black, D., and Gregory, M. Stream metabolism in clastic and karstic agricultural areas of Georgia and Florida. [ACFB]

Calhoun, D., Black, D., and Gregory, M Algal response to agricultural nutrients and habitat variability in Georgia. [ACFB]

Cuffney, T. Responses of benthic invertebrates and algae to nutrient concentrations in agricultural streams in the Albemarle-Pamilico basin. [ALBE]

Frankforter, J. Changes in primary production along a nutrient gradient in streams in central (or eastern) Nebraska. [CNBR]

Hambrook, J., D. Robertson, and B. Scudder. Effects on nutrients on algal, fish, and invertebrate communities in the Midwest. [WHMI] 

Tesoriero, A. and Spruill, T. Nitrogen loading and transformations in hierarchical drainages of the Contentnea Creek Basin: Implications for nutrient transport to the Albemarle-Pamilico Sound. [ALBE]

Weyers, M.C. Freeman, and S.W. Ator Effects of nutrients on trophic structure in aquatic communities. [PODL]

BUDGET:  
The HIP (FY02-FY05) budget target for NEET is $ 5,024,626. Based upon this target, six study units will be included in the FY01 group. A summarized and detailed NEET budget can be seen in NEET_BUDGET12_14.xls. 
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Appendix A – Figures 1a and 1b—Distribution of N and P input intensity onto basins ranging in size from 150 to 1,250 km2 in each of the 28 study units with more than 10,000 km2 of agricultural land.  The number of basins assessed within each study unit ranged from 68 for SOFL to 348 for YELL.  Ranges have been ordered on decreasing average input intensity [boxplot are percentiles of 10, 25, 50, 75, and 90.  Application rates in kilograms per square kilometer].


Appendix B. Distribution of agricultural land within Hydrologic Landscape Regions by for all 42 study units of NAWQA Cycle II. 


Appendix C. List of 28 study units and their relative rank for Nutrient Enrichment Effects study during Cycle II of NAWQA. Abbreviations in parenthesis reflects whether a study unit is also involved in an ACT or ULUG topical team. 

	FY01
	FY04
	FY07

	Study Unit
	Rank
	Study Unit
	Rank
	Study Unit
	Rank

	SANJ (ACT)
	1
	USNK
	3
	SOFL
	4

	CNBR (ACT)
	2
	OZRK
	8
	YELL
	9

	GAFL (ACT)
	5
	SACR
	10
	CACI
	15

	ALBE (ULUG)
	6
	EIWA
	11
	KANS
	16

	PODL (ACT)
	7
	LIBR
	12
	TENN
	20

	ACFB (ULUG)
	14
	MISE
	13
	MOBL
	21

	CCYK (ACT)
	17
	UMIS
	18
	UIRB
	23

	WHMI (ACT)
	19
	SCTX
	22
	ACAD
	26

	SPLT (ULUG)
	24
	LERI
	25
	
	

	WMIC (ULUG)
	28
	SANT
	29
	
	


Appendix D – FY02 Tasks, roles, and responsibilities.

	
	Task
	Description
	Lead 
	Team

	
	
	
	
	

	1
	Study design
	Obj. 1 and 2: Refine framework and basin/site selection criteria. 
	Stoner/Munn
	Wolock, Mueller, Ator, Robertson

	2
	Methods
	Obj. 1:Bio. Methods (biomass, chlorophyll)
	Munn
	Frey

	3
	Methods
	Obj 2 and 3: Stream metabolism protocols
	Weyers
	Porter, Munn

	4
	Methods
	Obj. 3: Tracers/nutrient cycling
	Tesoriero
	Duff, Weyers, Puckett, Richardson

	5
	Midwest synoptic
	Algal communities, metabolism, and nutrients
	Porter
	

	6
	Algal autecology 
	Develop database on published autecology
	Porter
	Brown, Munn

	7
	CNBR/SPLT Synoptic
	Interpret nutrient and algal data from cycle I study, with results used for SPLT ULUG and CNBR NEET cycle II studies. 
	Frankforter/Tate
	

	7
	Modelling
	Evaluate models that may be useful to NEET
	
	

	9
	Database
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