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Scope of Work: 

Restoration of Aquatic Habitat in the San Antonio River 

Background 

       The San Antonio River is physically and faunistically distinctive from all other rivers of the western Gulf Slope (Conner and Suttkus, 1986).  It has the third smallest drainage area (10, 619 km2) and discharge is low (<<0.1 m3/km2), but ionic concentrations (silica, calcium, magnesium, sodium, sulphate, chloride), total dissolved solids, hardness, specific conductance, and pH are the highest.  Only 42 native freshwater fishes are documented, but 7 of these are eastern lowland or Mississippi Valley fishes at the southwesternmost limits of their distribution.  Fish communities are dominated taxonomically by minnows and darters, including the state-endemic Texas shiner and Texas logperch.  Environmentally sensitive (“intolerant”) species, however, may constitite low percentages (< 6 ) of the total biomass (Gonzales, 1988; Edwards, 2001).  Aquatic communities of the San Antonio River are impacted by: urbanization; loss of riparian zone and floodplain habitats (pers. obs.);  reduced complexity of instream physical habitat and availability of natural habitat (Gonzales, 1988); elevated nutrient levels (TNRCC, 2002); and burgeoning populations of exotic fishes (Hubbs et al. 1978; Hubbs, 1982; Edwards, 2001).  

       The Fort Worth District Corps of Engineers and the San Antonio River Authority (SARA) are formulating and evaluating plans for habitat restoration of the river.  These plans include re-establishment of forested riparian zone, creation of meanders, and increasing complexity of substrate and flow patterns.  Determining which combination of restoration measures will provide the greatest cost-effective biological benefit requires quantitative relationships between biota and physical habitat.  These relationships can be used in conjunction with measurements and projections of habitat area to model baseline conditions and benefits that will accrue from various habitat improvement alternatives, respectively.  Such relationships have not yet been described for San Antonio River fishes, and the unusual habitats that typically occur at the edge of a species’range obviates the use of extant models.  Also, multiple restoration techniques have been proposed for use individually and in concert.  To evaluate benefits, site-specific, multi-variable models are necessary which can address each class and combination of restoration techniques.               

       Principal restoration measures under consideration will address main-channel habitats and  backwater wetlands.  Main channel habitats have been degraded by loss of riparian zone and reduction of bathymetric and substrate diversity.  Reforestation, construction of within channel meanders, excavation of within-channel pools, and creation of riffles, gravel bars, rubble piles, and timber reefs would increase shading and cover, and provide a wider range of velocity and depth.  Backwater habitats are isolated throughout most of the system due to channelization and hydrologic changes, or are short-lived and of poor quality due to near-channel development or terracing.  Wetland communities have not been documented for the San Antonio River, but forested wetlands of the southern United States provide critical habitat for distinctive assemblages of small, hypoxia-tolerant fishes and spawning habitat for many riverine fishes (Hoover and Killgore, 1998).  Establishing passable connections with river cut-offs and acequias, and excavating small, floodplain pools would provide substantial benefits to flood-adapted fishes and amphibians.   

       Numeric and taxonomic domination by invasive, generalist native species such as red shiner and mosquitofish (Gonzales, 1988) is problematic and indicative of low hydrologic variability.  Managing water levels to approximate natural hydrographs would provide temporal variation in stream hydraulics needed for expanded habitat area of lotic fishes (Schlosser, 1987) and reduced habitat of exotic fishes (Minckley and Meffe, 1987).  Lastly, the proliferation of herbivorous species, exotic (e.g., loricariid catfishes, blue tilapia) and native (e.g., stoneroller), and the conspicuous occurrence of phytoplankton blooms and algal mats (pers. obs), indicates a problem with excess nutrients.  Nitrogen and phosphorous levels are elevated and a source of concern in the San Antonio River (TNRCC, 2002).  Reliance on recycled water for maintaining flow makes nutrient levels difficult to control.  Macrophyte beds were once conspicuous features of the upper San Antonio River (Brown, 1953).  Establishing macrophyte beds in selected areas (using native plant species) would facilitate reduction of nutrients and enhanced complexity of submersed cover.            

Objectives

       We will: 1) describe empirical relationships between physical habitats and fishes; 2) develop habitat models appropriate for incremental analyses of habitat improvement alternatives; 3) quantify habitat for baseline (pre-project) conditions and for proposed restoration (post-project) alternatives.   
Approach 

       Field studies will be used to establish statistical relationships between physical habitat (predictor or independent variables) and biotic functions (response or dependent variables).  These relationships will be described using correlation analyses (e.g., multiple regression). Biotic responses can include population parameters (e.g., relative abundance of individual species) and community indices (e.g., species richness, heterogeneity).  Physical habitat variables will include characteristics of the stream channel (e.g., bathymetry, bank features), water (e.g., water quality, hydraulics), and floodplain (e.g., land use, vegetation).  Field sampling will be conducted in autumn 2002 and in spring 2003.   Data from autumn sampling will be used to assist Fort Worth District in selecting alternatives and in calculating preliminary habitat benefits.  Autumn fish communities represent post-recruitment populations (i.e., after the post-reproductive influx of young-of-year fish) and are more generally representative of fish-habitat relationships for the time when fish are not spawning and occupying atypical habitats.  Spring sampling will be used principally to identify areas of high value as spawning and rearing grounds and will be used in the final report to project overall benefits of the restoration measures.           

Task I  - Determine fish-habitat values of stream channels – Stream fishes will be sampled concurrently with physical habitat.  At the macrohabitat level (stream reach), fishes will be collected by seining.  Standard effort will be 10 hauls stratified among all apparent physical habitats and distributed equitably throughout a homogeneous reach.  All fish will be preserved in 10% formalin except for large specimens which will be identified, measured, and released in the field.   A cross-sectional transect will be established at a representative point (usually mid-length of the reach sampled), at which stream width will be measured.  At 10 equidistant points, depth and water velocity will be measured using a wading or stadia rod and Marsh-McBirney water velocity meter respectively.  Also, substrate will be classified according to size (Wentworth classification) at each of those 10 points from direct observations or use of sounding rod.  Turbidity will be measured with a Hach 2100P turbidimeter.  Temperature, conductivity, dissolved oxygen, and pH will be measured with a Hydrolab multi-parameter water quality probe.  Water samples will be collected for analysis of nitrogen and phosphorus.  Sites will be sketched and photographed, and relative areas estimated of submersed structures: large woody debris, boulder piles, aquatic vegetation.  At the microhabitat level, selected hydraulic and structural features will be electroshocked and all fishes identified and enumerated.  Habitat features will be measured and area coverage determined.  

       Sites will be chosen to represent a range of habitat conditions amenable to restoration: armored banks and natural banks, open and forested riparian zone, straight and sinuous channels.  In-channel features to be emphasized will include aquatic vegetation, in-channel pools, weirs, natural and artificial riffles.  Fish assemblages will be described using species-level (e.g., catch-per-unit-effort) and community-level (diversity, index of biotic integrity) metrics.  Simple and multiple regression analyses will be used to establish relationships between fish and habitat metrics and the best model(s) used to estimate baseline habitat and forecast project-related benefits of proposed alternatives.  Also, available river stage and historic fish survey data will be examined for trends between hydrograph and fish community composition.        

Task II -  Determine fish-habitat values of floodplain wetlands – Wetland organisms will be sampled concurrently with physical habitat.  Fishes and associated organisms (aquatic invertebrates, larval amphibians) will be sampled using overnight sets of Plexiglas light traps (Killgore, 1994; Killgore and Baker, 1996; Hoover and Killgore, 2002).  At each trap, water depth, distance from shore, and submersed cover will be recorded. At each site, water quality, bathymetry, substrate, and submersed cover will be recorded using the same protocol as for stream channels.    Sites will include three wetland habitats: acequias and cutoff bendways of the river, for which connections to the San Antonio River channel can be re-established; small floodplain pools, which can be readily excavated in floodplain terraces.   Analysis will be similar to that conducted for stream channel fishes.  In addition, a detailed analysis of controlling elevation (stage at which connection to the river occurs) will be conducted for each wetland to determine water level management plans.   

Task III – Analysis of alternatives -  ERDC-EL will assist Fort Worth District in selecting and designing restoration measures.  Analysis of alternative restoration plans will be conducted using the Habitat Evaluation Procedure (HEP) which expresses habitat quantity as habitat area weighted by habitat quality (USFWS, 1980).  Benefits are quantified as post-project gains in habitat.   We use an approach in which site-specific fish-habitat relationships (generated from empirical data) are used to evaluate alternatives incrementally for habitat gains and cost-effectiveness (Hoover et al., 2000).     

       Fish-habitat relationships developed in Tasks I and II will be described using multiple regression equations.  These are quantitative models of relationship between one or more independent (habitat) variables and a single dependent (biotic) variable.  Regression models will be expressed as 


Biotic Function predicted  = b + m1Habitat Correlate1 + m2Habitat Correlate2...

in which habitat correlates are parameters significantly correlated with the biotic functions; b (y‑intercept) and m (slope) are constants.  Model allows biotic functions (e.g., species richness of fishes) to be predicted for specific values and combinations of values of habitat variables.  Regression equations will be used as formula to calculate a Habitat Suitability Index (HSI's).   This will be done by dividing the predicted value by the maximum value.  

HSI   =     Biotic Function predicted    

                  Biotic Function  maximum
Maximum value for the biotic function will be estimated from field collections.  Equation standardizes model output on a scale ranging from 0.0 (no habitat value) to 1.0 (maximum habitat value.  

       The HSI  will be used to weight area of available aquatic habitat.  The output, habitat units (HUs), are calculated as: 

HU = HSI  X  Area

Project benefits are difference between post-project and pre-project HUs.   Pre-project conditions will be determined from habitat availability data, collected as part of Tasks I and II, and extrapolating areas per site for each homogenous reach of river.  Post-project conditions will be determined from District restoration alternatives based on type, number, and size of various habitat features proposed (e.g., in channel pools, floodplain pools, etc.) for each reach.   HUs gained will be quantified for each restoration alternative.           

 Timeline

Oct 2002 – Autumn sampling

Dec 2002 – Baseline and Post-project Habitat Units

Mar 2003 – Spring sampling

Jun  2003 – Report 

Data Needs

Hydrographic data for the Upper San Antonio River

GIS data on land use (riparian acreages as forest, park, urban environments)

Hydraulic reaches

Project specifications by alternative: 

      Location, number, and area of all proposed habitat restoration measures: 

            weirs, in-channel pools, meanders, forested riparian zone, etc.   
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