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Science Issues- Water for Human and Ecological Needs

Humans use freshwater from rivers, lakes, and ground water for domestic, commercial, agricultural and industrial activities. Our society is also dependent upon healthy aquatic and wetland habitats to provide essential ecosystem services and functions, and long-term social and recreational benefits.  Man’s historical evaluation of water availability has focused on human needs, while providing much less emphasis on the sustainability of entire ecosystems. Aquatic fauna throughout the United States are increasingly threatened by the needs of the human population to control, divert, consume, or alter the quality of freshwater resources. Aquatic and riparian communities in streams that are tapped for water supply are especially vulnerable to low-flow depletion. These communities include valuable commercial and recreational fisheries, as well as rare and endangered organisms that can survive and reproduce only under a relatively narrow suite of flow and temperature conditions. Because the amount of freshwater for such varied demands is limited, it is timely that the USGS develop scientific understanding of how systems work, and provide the information to water resource and wildlife managers who are faced with making difficult decisions. We should take the next 5 years to build the scientific framework and position ourselves to help resource managers answer the pressing question - How does the Nation meet the current and future needs for freshwater while preserving our valued ecological resources?   

Driving Issues:

Diverse and complex interests from human, agricultural, industrial, and ecosystem functions are drivers of this issue. Increasing urbanization in the east and west- Atlantic seaboard, Los Angeles, Las Vegas, and Southwest - affects the demands for water. The Klamath River, where competing water needs for agriculture, fish, and recreation came to a head during a 2001 drought, is an example of conflict between water use for humans and ecosystems. The science information that was brought forward to evaluate the problem was contradictory, which left managers with difficult choices. How many more Klamaths are coming?  State officials in Alabama, Florida, and Georgia currently are deadlocked in a debate over how best to apportion water resources for various and competing uses in the Apalachicola River Basin. Streams in the arid west are particularly subject to many demands. Colorado has experienced problems of drought in recent years. How do we get in front of this issue? A 2002 National Research Council Report “Estimating Water Use in the United States” addresses the issue of water use for sustaining ecosystems and it recognizes the difficulty in estimating instream flow for ecological use because different species have different instream flow needs. 

Two major “hot issues” of competing water withdrawals are identified as being of primary consideration in developing possible study plans. One is irrigation. Irrigation is by far the biggest use of water and has become a major concern in areas of competing interests. The second issue is urbanization where suburbs have moved farther from urban centers and rely heavily on ground water resources. This increased ground-water use can lower the water table and thus the discharge to streams and rivers that can affect the biota. 

The USGS is in a strong position to combine the hydrology and knowledge of the biota to provide tools and techniques that can be used nationwide. Multidisciplinary investigations are needed to understand the ecological requirements of the affected aquatic communities and how they can be safeguarded from the potentially detrimental effects of altered water levels and flows of our nation’s lakes, rivers, streams, wetlands, and estuaries. 

Science Issues:

Using the concept of an aquatic systems continuum is a good context for considering how to approach studies of water use for human and ecological needs (See box). The concept is useful to identify where the work fits and to justify why and where we should be working.  How does the hydrology link to or drive the response of the biota depending where you are in the continuum?
	Defining an Aquatic Systems Continuum

	All aquatic systems fall within a spatial continuum of ground water and surface water flows, and this “terrestrial water” is driven by atmospheric water (or climate variability).  Thus, all aquatic systems can be placed within a 2-dimensional matrix of terrestrial water flows (hydrologic landscapes) on the x-axis and climate variability on the y-axis.  To be more specific, the x-axis for surface water ranges from headwater streams to major rivers and for ground water from recharge areas to discharge areas of regional flow systems.  The y-axis ranges from drought to deluge.  By placing all aquatic systems, whether they are streams, lakes, wetlands, or estuaries, within this matrix, one can see their spatial relationships and how they are affected by climate variability.

The matrix needs to be described further as a series of overlays.  The first layer describes the characteristics of water in each of the cells of the matrix.  The second layer describes the water chemistry in each of the cells, the remaining layers describe the biotic characteristics in each of the cells, such as separate layers for aquatic vegetation, invertebrates, amphibians, fish, waterfowl, mammals, etc.  Humans are the top layer.  The higher you ascend the layers, the more mobile the biota The matrix provides the conceptual framework for looking at “water for human and ecological needs.” 

One can now begin to ask broad questions about how water might be partitioned between human and environmental needs.  Humans have the capacity to modify conditions in any of the layers, thus making the water, chemical, and biological characteristics in the various cells shift.  For example, a stream might have reduced flow or dry up because of drought, but it might also have reduced flow or dry up because humans have withdrawn some of the stream water or withdrawn the connected ground water. So now we can ask a broad question with regard to a specific water use, irrigation, which is the largest human water use of all; “Where in the matrix (landscape) would one expect to find the greatest effect on ecosystems of water withdrawals for irrigation? ie. Which parts of river systems or which parts of ground-water flow systems do withdrawals for irrigation have the greatest affect on riparian (or lake, or wetland) ecosystems? Headwaters? 2nd order streams? main stem? Recharge areas?  Mid part of flow field? Discharge areas?”




Within the continuum, the following questions are of importance to decision makers and need to be addressed with monitoring and carefully designed experiments 

· How much can stream flow be altered without deleterious effects on aquatic biota or human uses? 

· What species, species assemblages, or diversity indices are appropriate indicators of aquatic health for lake, stream, wetland, riparian, and estuarine habitats?

· To ensure that important life stages of biota are protected, which minimum flows should be computed to govern water use, e.g., percentage of average annual discharge; the lowest week-long flow that naturally occurs on average every 10 years; lowest recorded flows; flow duration curves; or some other flow criterion.

· How important is the mode of transport of water between streams and riparian systems? What species are dependent on ground-water exchange with surface water sources?  How important is the flow regime in maintaing the geomorphological structure of the environment needed by specific species?

· How do estuarine systems respond to changing flow and salinity regimes?   How are the food web and the flow of energy through natural and altered estuarine systems influenced by variable flows? 

Partnerships:

We have many potential partners among organizations that are faced with the need to conserve native aquatic communities and imperiled species in the face of competing water uses
.  Constituencies include Ducks and Trout Unlimited, American Rivers ( NGO), Power Utilities like Bonneville Power Administration, Tribes, NRCS, Ag extension, ARS, ERS, NOAA, DOI partners in BOR, FWS, NPS, and BLM, USACE, Western Governor’s Association, water management commissions, basin commissions, Canaan Valley Institute (WV), regions, municipalities, communities.

USGS Roles and Capabilities:

The USGS has a unique role as integrators of hydrological and biological knowledge. We can take a broader look and develop processes that will lead to a Nation-wide, systems approach to resolving water use issues. Water management agencies are asking the questions of how to manage water use and limit the effects on ecosystems nationwide. The role of the USGS should be to develop the template of how to evaluate water availability and ecological needs throughout the Nation. There is a need to quantitatively describe the range of variability in biological systems and to link information to quantitative water models that describe flow and transport. 

We should demonstrate that it can be done in areas that represent various dimensions within the aquatic systems continuum.  Methodologies can be provided to the resource management agencies for use in their area of jurisdiction. Connections between this science issue and the Future Science Directions include those on: Rivers, Groundwater, Coastal, and Invasive Species.  

Criteria for Selecting Study Areas:

It is recognized that the science topic is very broad, so much so that a large number of subtopics and study sites could be considered. Yet is it recognized that within current funding addressing this issue will incorporate existing work. Thus, the identification of an in depth study area along the continuum will need to be complimentary with on-going studies. Examples of selection criteria could include, but not be limited to:

· Sites with existing or recently initiated USGS involvement that would significantly benefit from enhanced effort. 

· Sites that would address priorities of one or more Programs and regional Science Plans.

· Sites that would address key outstanding cooperator / partner needs.

· Sites that would provide a balance of land use types or take advantage of a gradient along important land uses.

· Sites where there would be clear opportunities to transfer the knowledge gained based upon the outcomes of the work performed.

Locations with existing research activities that can build on prior scientific gains include but are not limited to these sites:  a pilot in Pennsylvania; the sound science initiative in Georgia; Los Angeles ground water; Suwannee River Basin; Colorado River/Salton Sea; the New Jersey Pinelands Study; US Mexico Border; and the interior Columbia and Great Basins. Place Based Studies need to be examined for lessons that have been learned. Estuarine and wetland systems should be reviewed for potential study opportunities. 

This team suggests that a study area be sought where there is significant variation in the amount of ground water entering a stream. It will be necessary to consider the natural variation from climate change and the artificial variation from human impact. Although the study should initially focus on a stream, the whole system must be considered to examine the length of influence of changes in the hydrologic regime and biota down the river. The selection of an initial site in too large a stream or river will lead to additional complexity because of the more complex community structure in large water bodies. Yet, the study area must be large enough for the development of processes that have transfer value to other systems. 

Next Steps:
· Forward this document to program coordinators and ask that they comment on their interest in the topic and on the ways they would be willing to support such a study. Also, ask what their constraints are in being able to support a study. 

· Incorporate information from the program coordinators and set up a team with equal numbers of scientists and managers to develop more specific criteria for selecting a study area.

· Send out requests to scientists for possible study areas that meet the criteria through the ADs and RDs.

· Ask the team to narrow the list, then forward results to the appropriate program coordinators for their input. The final decision for a study area, preferably, would be make by the team, and if not, a decision would be made by the appropriate ADs and RDs (depending of which programs are supporting a study and where the possible study areas are located). 

· Form a study team of scientists to develop a workplan. 
· Identify existing studies where relation of hydrological characteristics to biota has been or will soon be studied, such as the Methow River basin in Washington, Platte River, Nebraska, New Jersey low-flow criteria study,  Apalachicola-Chattahoochee-Flint basin (Georgia, Alabama, Florida), Ipswich River, Massachusetts, Yakima River, Washington, or Ara Vipa Creek, Arizona.  A fact sheet summarizing the importance of combining hydrological and biological expertise, evident from these studies, would be a modest effort.  However, such a short summary document might show how the U.S.Geological Survey is poised to address the issue of “Water for Ecological and Human use.”

· Find out from resource managers in other Bureaus what and where their greatest needs are related to the issue of “Water for Ecological and Human use.”  If maintenance of flows for fish populations is critical for the U.S. Fish and Wildlife Service on the Missouri River, then that might be a useful place to determine if we have capabilities that could help them better understand the biological resource and relate it to hydrological and geomorphological characteristics of the environment.

�While absence of flow is a problem, due to water withdrawals, such as on the Ipswich River in Massachusetts, [http://ma.water.usgs.gov/publications/wrir/wri014161/index.htm ] flow affects the physical structure of the environment as well.  


�I suggest this because water diversion can lead to survival of mainstream communities in drier months due to recharge of ground water from irrigation structures.  The recharged ground water maintains baseflow in the drier months.  Recent report from the Washington District provides an example of this http://wa.water.usgs.gov/news/2003/news.wri034244.htm


�Some existing studies already show the importance of combining hydrological and biological expertise specific to the main issue.  A simple, short synthesis might serve as an example of what can be done – useful for both internal and external consumption.


�Current monthly meetings between our Director and the Director of U.S. Fish and Wildlife Service might be a forum where discussions of these needs could be informative for future directions.





