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Introduction

Texas has nearly 200,000 miles of streams and rivers and approximately 1.7 million acres of reservoirs and public water impoundments which provide habitat for the state’s diverse fish and wildlife. Scientists recognize 247 fish species that inhabit fresh water for at least a part of their lives.  TPWD estimates that 25 percent of native freshwater fish species are threatened, endangered, or already extirpated. 
In the 15 major river basins, watercourses range from wide, shallow and sandy prairie rivers, clear, spring-fed streams, to slow-moving bayous with extensive hardwood bottomlands. Many of the state’s rivers and streams originate at Texas freshwater springs. Many of these spring systems support unique habitats with species found nowhere else in the world. Both the rivers and streams provide water for reservoirs, which range in size from less than one acre to the 185,000 acre Toledo Bend Reservoir.  In addition, aquifers underlie much of the state and provide water for various functions including meeting the needs of wildlife.
Springs and Aquifers

Groundwater systems in Texas are diverse.   Rainfall can be taken up by plants, evaporate over time, form runoff into streams, rivers and estuaries, or it can become groundwater by seeping into soil, sand and other land features. Water that moves into groundwater can begin the process of aquifer recharge. Aquifers are ground formations that store and transport water and are often tapped for human use.  

Major aquifers in the state are often vast, extending under dozens of counties and reaching from one border of the state to another.  There are nine major aquifer outcrops in the state with some having associated downdrips which are “water bearing rock layers which ‘dip’ below other rock layers.”  In addition, there are 21 minor or smaller aquifers in the state.  The associated maps from the Texas Water Development Board (TWDB) indicate the locations of these aquifers and give an indication of how large they are and where their associated downdrips are located.  In addition, the TWDB has produced the “Aquifers of Texas” by John Ashworth and Janie Hopkins, which describes these aquifers in detail and gives information on their importance to Texas water quality and quantity issues (1995).  
Springs are the natural outlets of aquifers.  Springs that have run dry have had profound effects on surface water because they often form the base flows that sustain rivers and streams during drought.  It is difficult, if not impossible, to restore aquifers that have been drawn down and continue to have withdrawals that greatly exceed the available recharge, but it is possible to conserve springs that depend on aquifers that recharge quickly.  Gunnar Brune’s, Springs of Texas does an excellent job of outlining the characteristics of the springs of Texas as well as offering insight into geology, flora and fauna associated with these springs (1995).  In addition, Mr. Brune discussed the decline of springs as well as Texas water law.  While this book was originally published in 1981, the bulk of the information is still relevant today and offers incite into Texas water issues.

Wetlands in Texas (With permission, information adapted from the Texas Wetlands Conservation Plan)
Wetlands are among the most important habitats in Texas. These interfaces between water and land are integral in supporting a vast array of plants, fish and wildlife. They also perform numerous valuable functions: they trap water, sediments and nutrients and therefore play a major role in improving water quality and decreasing pollution. They are invaluable for their ability to prevent and minimize flooding, protect shorelines and replenish groundwater sources. 
Texas has lost thousands of acres of historic wetlands, while human activities, including landscape alteration for agricultural, industrial or urban uses, significantly threaten remaining wetland habitats.  Subsurface mineral and water extraction can also destroy wetlands, especially along the coast.  Overharvest of timber threatens wooded wetlands as is evidenced in the state’s bottomland hardwoods, pine flatwoods and swamps. Reservoir construction can submerge wetland areas upon filling, or they may be destroyed by diverting or capturing their source of water. Along the coast, reduced flow in rivers and streams can cause loss of freshwater wetlands due to increased saltwater intrusion. In the Panhandle, increased siltation from natural and agricultural erosion threatens playa lakes, which are important habitat for waterfowl and many other wildlife species.

Aquatic Conservation Threats 
The most significant conservation challenges to both freshwater and saltwater systems in Texas are reduced water quality and decreased water quantity.  Factors such as the increasing population, increasing demands for water and increasing shoreline development directly affect water quality and quantity.

Reduced Water Quality

Point source and nonpoint source pollution, which contribute to nutrient loading, directly threaten native fish and wildlife species that rely on clean water.  Water that will not support fish and wildlife will not support human needs either. As the population grows and water demands and waste runoff increases, water flow in rivers and streams, or instream flow, decreases. In the next decade, pollutant concentrations in rivers and streams may increase to a point where they have a detrimental effect on aquatic life including low oxygen, harmful algal growth and fish kills.
Reduced Water Quantity

Decreased or altered water quantity will affect the ecosystems, habitats and wildlife that depend on the natural flow regime of the stream or river. For example, groundwater withdrawals, inflow rerouting, reservoir operations and increased use of water make rivers, streams and springs, and the fish and wildlife resource they support exceptionally vulnerable to the effects of drought.

Reservoir Construction

TPWD recognizes that reservoirs are necessary to store water for human water consumption, flood control and hydropower generation and to provide much of the freshwater recreational opportunities available to the public.  However, reservoir development significantly alters the stream and river systems that supply water for storage as well as the bay and estuary systems downstream. Direct impacts of reservoir construction are caused by inundation of the land which displaces wildlife and causes the loss of terrestrial, wetland, riverine, riparian and bottomland hardwood habitat types. Indirect impacts include reduction and/or alteration of downstream riverine, estuarine riparian, wetland and bottomland hardwood habitat types which harm species that depend on them.

Introduced Species to Aquatic Environments

Exotic plant and animal species that are introduced either by design or by accident can cause unintended consequences.  Exotic species may become invasive, spreading rapidly, displacing native species and threatening community relationships that are necessary to sustain the aquatic environment.  Eighteen non-native fish species have been documented in Texas as well as a number of snail and bi-valve species.  Some have had an extremely negative impact on native fish communities. Further, great effort and resources have been expended to control invasive aquatic plants such as water hyacinth, hydrilla and giant salvinia, which have negatively affected native freshwater communities.
Conservation of Texas’ Freshwater Systems
Conserving freshwater begins when it rains and where the raindrops make first contact with the soil.  Sufficient, quality freshwater runoff from land into rivers, streams, springs and reservoirs is critical to conserve and maintain the health of aquatic and terrestrial systems. In addition to the habitat that these systems support, they can also provide drinking water, food, power, irrigation, transportation and wastewater treatment. With the responsibility for maintaining these habitats and as the state trustee for aquatic resources, TPWD has developed numerous programs to promote the conservation of rivers, streams, springs and reservoirs in order to provide quality recreational opportunities.

Instream Flow Study Needs for Texas River Basin Conservation
Over the past twelve years, TPWD has studied and determined the quantity of freshwater inflows to Texas’ seven major bay and estuary systems necessary to maintain healthy habitats along the coast.  Today, a similar effort is needed for rivers. Instream flow studies are evaluations of river and stream systems that are conducted to determine the appropriate flow regimes necessary to conserve fish and wildlife resources.  TPWD conducts these studies to better understand river systems and to minimize impacts from existing and future water development.  Given that instream flow studies can involve years of research and data analysis, TPWD developed a tiered system to make decisions on allocating resources to study the state’s 15 major river basins. Each river basin was categorized by the type of instream flow study needed based on water availability, water right permits, proposed water development projects and biological factors.  The main resource studied was the instream flow as it pertains to water development projects and therefore the tiered system is less appropriate for the CWCS and as a result was not used to delineate priority in this strategy.  While the tiered system is not as applicable to the CWCS, it is important in terms of instream flow and should be reviewed for the sake of its importance to Texas water conservation.  In addition, the 15 river basins chosen are also the focus of the CWCS.
Major Conservation Goals Associated with Texas Fresh Water

Maintain or Improve Water Quality
· Work to assure water quality needs are met in all streams, rivers, reservoirs and coastal systems.  

· Collaborate with the Texas Commission on Environmental Quality (TCEQ) and other regulatory agencies to promote the conservation of water quality in streams and rivers.
· Support efforts to integrate biological and physical habitat data into water quality standards.
· Conduct research and evaluate water quality concerns in Texas’ freshwater and coastal water resources.
Maintain Adequate Water Quantity
· Implement and update tiered instream flow study priorities.
· Complete instream flow studies at the basin and subbasin level in coordination with TCEQ and TWDB.  Site-specific assessments will also be required to address specific water development projects.
· Design studies to assist in regional water planning and water right decision making.
Strategies for Meeting the Conservation Needs on Water
· Implement freshwater inflow and instream flow studies’ recommendations.
· Support amending the Texas Water Code to better recognize instream uses (instream flows, freshwater inflows to bays and estuaries, water quality, fish and wildlife resources, aesthetics and recreation) as beneficial uses when appropriating state water to ensure water is available for the health of fish and wildlife.

· Work with regulators, regional water planning groups and stakeholders to develop state and regional water plans that protect the needs of fish and wildlife by incorporating flow regimes that adequately protect aquatic systems.

· Work with regulators, permit holders and stakeholders on water right permits to protect the needs of fish and wildlife by incorporating permit special conditions that adequately protect aquatic systems.  TPWD will encourage the conversion or transfer of existing unused water rights to the Texas Water Trust to protect instream uses.

· When a water right is converted to a different use, sold or transferred out of basin, it is recommended that those actions should include permit conditions to mitigate detrimental impacts and ensure flows necessary to maintain the health of fish and wildlife.  
· Encourage private landowners to use a watershed management approach to increase water quantity and quality in rivers and streams to increase freshwater inflows to the bays and estuaries.
· Incorporate the goal of watershed management and improving water quality and quantity into all Wildlife Management Plans (WMP).  

· TPWD, Texas Department of Agriculture, Texas Agricultural Extension Service, River Authorities and other organizations shall work to fund projects that increase water yields while protecting or improving wildlife habitat. 

Protect Texas Springs and Wetlands
· Fully implement the Wetlands Conservation Plan.
· Ensure that future legislation affecting groundwater also protects springs and other beneficial uses for wildlife.

· TPWD shall participate in the Groundwater Availability Models effort being directed by TWDB and advocate that these models be used to manage groundwater dumping to minimize impacts to springs and other associated surface water features.

· Encourage groundwater districts to implement management practices that protect springs and spring habitats in their plans. 

Improve Outreach and Education
· To increase support for conserving Texas freshwater and coastal water resources, conservation partners must increase outreach and education efforts.

· Increase efforts to produce public education materials that discuss the importance of river, spring, reservoir, wetland, bay and estuary conservation. 

· Encourage anglers and boaters to increase their role as conservationists.

· Assist local communities in planning and education programs that promote water conservation for fish and wildlife. 
· Work with schools to integrate water resource and recreation information into their curriculum. 

Reduce User Conflicts
· Provide education and communication with all user groups concerning recreation impacts on water resources.

Increase Knowledge and Understanding of Aquatic Ecosystems
· Base conservation decisions that impact fish and wildlife resources using the best science available.

· Prioritize waterways that are important for conservation.

· Develop and refine tools for analyzing aquatic systems and develop new conservation strategies like the CWCS.

· Identify river and stream segments most at risk from over appropriation.

· Increase our understanding of biological resources present in Texas rivers, streams, spring and reservoir systems.

· Make historical reports and associated data available for research to document long term changes to flora and fauna of rivers and streams.
· Improve monitoring and research on aquatic species or groups suspected to be declining or whose status is unknown.  TPWD will research and monitor bay and estuary systems.
· Determine freshwater inflows and nutrient and sediment loading regimes to tidal streams. 

Exotic Species

· Prevent the introduction of potentially harmful, nonindigenous fishes, shellfish and aquatic plants into freshwater and marine environments through education and regulations.
· Implement the State Aquatic Vegetation Management Plan (Durocher and Chilton).
· The following goals and objectives are provided as a method of measuring success of the Land and Water Plan. They also provide guidelines by which state planners may evaluate the success of future conservation efforts.
Major Goals and Objectives for the Next Ten Years

Goal: Increase Support for Conservation on Private Land
Objectives:
· Incorporate recommendations for watershed management in all Wildlife Management Plans (WMP).

Goal: Improve Science and Data Collection
Objectives:
Undertake a complete review of all scientific and conservation programs. 

· Review assessment and monitoring functions for fish and wildlife populations.

· Complete an independent programmatic peer review.

· Establish a systematic review process.

Develop an integrated GIS database of fish, wildlife and water data to assure that decisions are based on sound science and the best available data.

· Annually develop Internet accessible data and analytical capability, develop, provisions for continuous updating and coordination with other state agencies to access pertinent data.

· Complete formal agreements with state and federal resource agencies where necessary.

Goal: Maintain Sufficient Water Quality and Quantity to Support the Needs of Fish and Wildlife 
Objectives:
In conjunction with TCEQ and TWDB, complete instream flow studies to determine the quantity and timing of water, flow regime, necessary to support a sound ecological environment in rivers and streams.

· Work with TCEQ and TWDB and with each of the 16 water planning regions over the next two state water planning cycles in 2006 and 2011 to incorporate fish, wildlife and recreation needs into each regional plan and the state water plan.
Encourage the conversion or transfer of existing unused water rights to the Texas Water Trust to protect instream uses. 
Work with landowners, river authorities and regulatory entities on a watershed management approach, including range and habitat management practices, to improving water quality and quantity. 
Work with appropriate agencies to develop and implement nutrient, habitat and biological criteria for state waters (rivers and estuaries) to protect the health and productivity of those waters.

· During each of the subsequent triennial reviews (2003, 06 and 09),TPWD will work with affected stakeholders to assure the water quality standards increasingly incorporate biological information conducive to management of fish and wildlife resources and implementation of this Plan.
The Land and Water Plan assists in providing guidance to future conservation for Texas inland waters over the next 10 years.  Goals for TPWD have been set and these goals are useful in moving conservation forward in Texas.  When coupled with the CWCS effort, these goals can be used independently or they can be sharpened and made more specific to meet the needs of Texas native species and the habitats associated with these species. The following chapters supply facts on the major river basins of Texas and provide more specific information concerning the issues associate with each basin.  The 15 river basins are highlighted with information concerning the location and condition of each basin and it’s tributaries as well as the problems associated with these waterways.  In order to address the goals of the Land and Water Plan as well as the problems associated with these basins, actions are also provided that supply guidance for future conservation efforts within the basins.    

