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Executive Summary
Nationally recommended dissolved oxygen criteria of 5 mg/L for freshwater and marine and 4 mg/L for estuarine waters are the current criteria in Louisiana, except where site-specific revisions have been made.  However, these nationally recommended criteria are inappropriate for many Louisiana waterbodies where dissolved oxygen is low due to natural conditions.  The Barataria and Terrebonne Basins in southeast Louisiana is one such area where dissolved oxygen is naturally low, resulting in exceedance of nationally recommended dissolved oxygen criteria.

The purpose of this project is to conduct a Use Attainability Analysis (UAA) for the Barataria and Terrebonne Basins, which are located in Louisiana’s Coastal Deltaic (CDP) and Lower Mississippi River Alluvial (LMRAP) Plains Ecoregions.  The goal of the UAA is to document the water quality and biological characteristics of reference waterbodies to describe the natural conditions in the Basins.  The data collected is used to determine the critical periods for dissolved oxygen, characterize the water quality, and describe the biological (fish) community at reference locations.  The results will be used to propose appropriate dissolved oxygen criteria based on the naturally attainable conditions in reference, or least-impacted, areas.

Twenty-six reference sites from 13 subsegments in the Barataria and Terrebonne Basins were selected following the Louisiana Department of Environmental Quality’s (LDEQ) Ecoregion-based protocol.  Water quality continuous monitoring data was collected from May 2005 to February 2008 and measured parameters include dissolved oxygen, temperature, pH, specific conductivity, salinity, and percent dissolved oxygen.  Biological (fish) data was collected by LDEQ through various sampling methods in May 2005, July-August 2005, and March 2006 and also compiled from historic Louisiana Department of Wildlife and Fisheries (LDWF) data from 2001 through 2005.  Fish data compiled was used to calculate species richness and abundance and Shannon-Wiener Diversity Indices.  Therefore, relative measures of fish community composition were estimated.

The critical period (months) for dissolved oxygen was determined by examining the monthly timing in which dissolved oxygen fell below the corresponding national benchmark for an ecoregion and waterbody type.  The critical periods (in months) for waterbodies in the CDP Ecoregion are: bays/estuaries - April through August, canals - June through August, lakes - June, and streams - April through August.  The critical periods for waterbodies in the LMRAP Ecoregion are: lakes - April through September, and streams - March through November.  Additionally, critical periods in the LMRAP Ecoregion were longer than those observed in the CDP Ecoregion.

Results of continuous monitoring for dissolved oxygen displayed a diurnal pattern, with lower dissolved oxygen typically observed in the morning and higher dissolved oxygen observed later in the day, in all waterbody types examined.  This diurnal pattern was more pronounced and dissolved oxygen was lowest and the range greatest during the critical than in the non-critical periods.

Minimum dissolved oxygen observed in waterbody types in the CDP Ecoregion during the critical period was 0.8 mg/L in bays/estuaries, 2.5 mg/L in canals, 4.2 mg/L in lakes, and 1.6 mg/L in streams.  Minimum dissolved oxygen in the LMRAP Ecoregion during the critical period was 0.3 mg/L in lakes and 0.1 mg/L in streams.  In addition, the dissolved oxygen minimum in streams in the LMRAP Ecoregion was 1.4 mg/L during the non-critical period.
Dissolved oxygen occurrences below the national benchmarks (4 mg/L and 5 mg/L for estuarine and freshwater, respectively) ranged from 1 to 15% of the time in the CDP Ecoregion and from 20 to 42% of the time in the LMRAP Ecoregion during the critical period for the different waterbody types examined.  When focusing on data collected during the morning hours (6 am to 12 pm), the percentage of time when dissolved oxygen fell below the benchmark increased up to 30% in the CDP and ranged from 36 to 58% in the LMRAP Ecoregions.  On average, reference waterbody types in the LMRAP Ecoregion were below the national benchmarks 48% of the time in samples collected during the morning hours.

Fish representing 121 species were collected from reference sites in the Barataria and Terrebonne Basins.  Species richness, or number of species observed, ranged from 8 to 64 fish species per reference location.  Key species or those typically observed in > 80% of least-impacted reference locations in the CDP and LMRAP Ecoregions included black crappie, bluegill sunfish, bowfin, channel catfish, common carp, gizzard shad, green sunfish, gulf menhaden, largemouth bass, orangespotted sunfish, redear sunfish, smallmouth buffalo, spotted gar, striped mullet, threadfin shad, yellow bullhead, warmouth, and white crappie.  Shannon-Wiener Diversity Indices were generally at or above 2 at reference locations.  Analysis of the biological data indicates that a diverse fish community is present and that these reference areas are representative of least-impacted areas in the Barataria and Terrebonne Basins.

In the effort to define appropriate, protective, and conservative dissolved oxygen criteria, LDEQ proposes use of the 10th percentile of the reference data to determine or calculate minimum criteria for waterbody types within ecoregions based on reference conditions.  Because of the diurnal pattern observed and the time of day that ambient grab samples (used to make assessment decisions) are collected, water quality data from 6 am to 12 pm is proposed for criteria development.  While the absolute minimum dissolved oxygen observed at reference locations represents the naturally low dissolved oxygen present in the Basins, the 10th percentile values are from 1 to 4 mg/L higher, depending on ecoregion and waterbody type, than the absolute minimum.  Therefore, the use of the 10th percentile instead of an absolute minimum value for criteria determination should, overall, be conservatively protective of the fish and wildlife propagation use.

Revision to dissolved oxygen criteria is proposed during the critical period where the 10th percentile observed from reference locations is less than the national benchmark.  
Dissolved oxygen criteria recommended for waterbodies in the CDP Ecoregion are:


Canals

3.8 mg/L
June through August


Streams
3.8 mg/L
April through August

Dissolved oxygen criteria recommended for waterbodies in the LMRAP Ecoregion are:


Lakes

3.3 mg/L
April through September


Streams
2.3 mg/L
March through November   

1. Introduction

1.1. Background and Problem Definition
In accordance with Section 303(c) of the Clean Water Act (CWA), states and authorized tribes must adopt water quality criteria that protect designated uses.  Louisiana has adopted water quality standards that include designated water uses and supporting water quality criteria.  Water quality standards provide the basis for implementing the state’s water quality program including water quality assessments conducted to meet the requirements of Sections 305(b) and 303(d) of the CWA, water discharge permitting, total maximum daily load (TMDL) determinations, and CWA Section 401 certifications.
Protective water quality criteria are based on a sound scientific rationale and contain sufficient parameters or constituents to protect the designated uses.  Criteria may be expressed in either narrative or numeric form.  States and authorized tribes have four options when adopting water quality criteria for which the U.S. Environmental Protection Agency (USEPA) has published nationally recommended criteria pursuant to Section 304(a) of the CWA.  States may: (1) adopt nationally recommended criteria; (2) adopt nationally recommended criteria modified to reflect site-specific conditions; (3) adopt criteria derived using other scientifically defensible methods; or (4) establish narrative criteria where numeric criteria cannot be determined (40 CFR 131.11).

Louisiana has abided by the requirements set forth in Section 304(a) by adopting criteria for all state waters by one of the four methods described.  For some toxic pollutants, the Louisiana Department of Environmental Quality (LDEQ) has used option (2) to establish state-specific standards.  The national criteria for toxic pollutants use data from a variety of aquatic organisms, including those not found in Louisiana waters (e.g. freshwater trout species).  Louisiana has re-calculated state-specific criteria for some metals in accordance with USEPA guidance.  For dissolved oxygen, Louisiana did not have state-specific data or other scientifically defensible methods for establishing state-specific standards within the USEPA mandated time frame.  Louisiana was therefore required by USEPA to establish a statewide dissolved oxygen criterion of 5 mg/L for inland and open ocean waters and 4 mg/L for interior marsh estuarine areas, which was based on the nationally recommended criteria and documented in USEPA’s memo to the Louisiana Stream Control Commission (USEPA, Busch to Lafleur 1972) and in Quality Criteria for Water, EPA 440/5-86-001, commonly referred to as The Gold Book (USEPA 1986).  In the criteria document, the 5 mg/L is recommended as a one-day minimum for early life stages for warm water fishes.  Due to lack of state-specific data and monitoring capabilities at the time, Louisiana was not able to adopt a set of freshwater dissolved oxygen criteria that would address other life stages and/or other site-specific or regional environmental conditions throughout the state.  

LDEQ includes collection of dissolved oxygen data in its ambient monitoring program.  Most of the values are measured at single points of time (typically mid‑morning to mid-day) and historically have been used to directly determine attainment of the dissolved oxygen criteria.  This monitoring approach is acceptable when determining attainment with “minimum” based criteria if the “minimum” criteria are established appropriately.  The recently instituted TMDL schedule and resultant process has highlighted inadequacies in the use of USEPA’s nationally recommended dissolved oxygen criteria and the instantaneous dissolved oxygen measurements for 305(b) use attainment assessment.   

The nationally recommended criteria for specific compounds generally include three components: magnitude, duration, and frequency (USEPA 1991).  These criteria recommendations are expressed at both acute and chronic levels that take these components into consideration.  However, since the 1970s, many states (Louisiana included) have simply adopted USEPA’s “minimum” criteria recommendations or recommended language without explicitly specifying these components into either their water quality standards or into appropriate documentation of assessment methods.  LDEQ’s ambient monitoring is currently based on grab samples collected monthly, quarterly, or annually.  Current ambient monitoring does not routinely measure other than grab samples, which do not necessarily account for duration of exceedance of existing criteria.  Current standards also do not specify duration or frequency in criteria exceedance. 
Since the 1980’s, it has been documented (through site-specific studies) that many of Louisiana waters do not meet the present statewide 5 mg/L either on a daily basis and/or on a seasonal basis based on natural conditions; however, these waters support fish and wildlife propagation (LAC 33:IX.1111.C).  Louisiana’s Water Quality Standards (WQS) describe three categories of water bodies where it is anticipated the 5 mg/L dissolved oxygen criterion would not be met on a continual basis and/or full fish and wildlife propagation use may not be met: (1) Intermittent Streams, (2) Man-made Water bodies, and (3) Naturally Dystrophic Waters (LAC 33:IX.1109.C).  Wetlands are also common in Louisiana and it is recognized in Louisiana’s water quality standards that dissolved oxygen criteria are not appropriate for these water bodies.  

The mechanism to establish or to refine designated fish and wildlife uses and dissolved oxygen criteria for the three exception categories of waters and wetlands referenced above is a Use Attainability Analysis (UAA).  A UAA is defined in federal regulations as a structured scientific assessment of the factors affecting the attainment of designated uses (Code of Federal Regulations, Title 40, and Part 131.3(g) (40CFR131.3 (g))).  In conducting a UAA, a determination of attainable uses and criteria for a specific water body may be based on comparisons made between the water body of interest and a control or reference water body (USEPA 1983).  Designated uses which are not existing uses may be removed if it is demonstrated through a UAA that:

(1) Naturally occurring pollutant concentrations prevent the attainment of the use; or

(2) Natural, ephemeral, intermittent or low flow conditions or water levels prevent the attainment of the use, unless these conditions may be compensated for by the discharge of sufficient volume of effluent discharges without violating State water conservation requirements to enable uses to be met; or

(3) Human caused conditions or sources of pollution prevent the attainment of the use and cannot be remedied or would cause more environmental damage to correct than to leave in place; or

(4) Dams, diversions or other types of hydrologic modifications preclude the attainment of the use, and it is not feasible to restore the water body to its original condition or to operate such modification in a way that would result in the attainment of the use; or

(5) Physical conditions related to the natural features of the water body, such as the lack of a proper substrate, cover, flow, depth, pools, riffles, and the like, unrelated to water quality, preclude attainment of aquatic life protection uses; or

(6) Controls more stringent than those required by Sections 301(b) and 306 of the Act would result in substantial and widespread economic and social impact (40CFR131.10(g) and LAC 33:1109.B.3)

LDEQ has been updating criteria on a site-specific basis and only 45 water bodies throughout the state have dissolved oxygen criteria developed through site-specific UAAs.  The intent of defining the three exception categories of waters (intermittent, man-made, and naturally dystrophic) discussed previously was to streamline the UAA process by establishing a set of protocols that could be used on a routine basis to document attainable uses and determine appropriate dissolved oxygen criteria for these categories of waters.  To further streamline the process on a statewide basis, LDEQ investigated the use of an ecoregion approach to establish dissolved oxygen criteria across a region for the different categories (i.e., intermittent, man-made and naturally dystrophic) or types (i.e., streams, lakes, bays, canals, etc.) of water bodies (LDEQ 1996, DeWalt 1995, and DeWalt 1997).  LDEQ has also evaluated a water body classification system, based on channel geomorphology and hydrology characteristics, to be used in refining an ecoregion based classification system (Smythe 1999 and Smythe-Genovese 2001).

Recently, LDEQ and USEPA agreed upon a protocol for determining the dissolved oxygen concentrations needed for protection of the fish and wildlife propagation use in Louisiana freshwater and estuarine streams, bayous, rivers, and lakes (LDEQ 2008a).  This protocol uses an ecoregion approach to revise the dissolved oxygen criteria.  Given the absence of data linking aquatic life condition with dissolved oxygen, LDEQ has used the default nationwide dissolved oxygen criteria of 5 (freshwater or marine) or 4 (estuarine) mg/L.  As a result, some streams may be listed for TMDL action unnecessarily, while others may be overlooked.  However, using the ecoregion approach for revising dissolved oxygen criteria may help address these issues by characterizing the water quality at reference (least-impacted) sites and allowing for appropriate dissolved oxygen criteria to be determined for waterbody types or classifications within an ecoregion.
1.2. Project Objective
The project objective is to document the existing and attainable aquatic life uses and to evaluate dissolved oxygen data in the Barataria and Terrebonne Basins and where appropriate, refine the criteria.  All subsegments in the Barataria and Terrebonne Basins, unless otherwise specified in the water quality standards (i.e. in a previous UAA), have fish and wildlife propagation as a designated use.  While some subsegments also have oyster propagation as a designated use; evaluation of this use is not within the scope of this project.  In this study, dissolved oxygen is the primary water quality parameter used to assess whether the fish and wildlife propagation use is being met.
2. Selection of Reference (Least-Impacted) Waterbodies

2.1. Criteria for Reference Locations

Reference sites were selected in areas of the Barataria and Terrebonne Basins.  The Barataria Basin; located between the Mississippi River and Bayou Lafourche levees; contains 152,120 acres of swamp, 173,320 acres of fresh marsh, 59,490 acres of intermediate marsh, 102,720 acres of brackish marsh, and 133,600 acres of saline marsh.  The southern half of the Barataria Basin consists of tidally influenced marshes connected to a large bay system behind the barrier islands.  The upper Terrebonne Basin is contained between levees of the Atchafalaya and Mississippi Rivers.  The Terrebonne Basin covers approximately 1,712,500 acres of southern Louisiana, including about 728,700 acres of freshwater, brackish and saline wetlands.  The southern end of the Terrebonne Basin is defined by a series of narrow, low-lying barrier islands (the Isles Dernieres and Timbalier chains), separated from the mainland marshes by a series of wide, shallow lakes and bays (e.g., Lake Pelto, Terrebonne Bay, and Timbalier Bay) (LaCoast 2008).  Two ecoregions are currently delineated in the Barataria and Terrebonne Basins, the Coastal Deltaic (CDP) and the Lower Mississippi River Alluvial (LMRAP) Plains Ecoregions (Appendix A, Figure A-1).
Reference sites, including some that reflect hydrological modifications common in the basin, were selected in accordance with existing LDEQ Ecoregion protocols (LDEQ 1996).  Some hydrological modifications in the basin have existed for more than 250 years (i.e. mosquito ditches, levees, and dams).  More recently since the early 1950’s, oilfield access canals remain the most common man-made, irreversible modifications (Reed 1995, Lindstedt 2005).  These modifications represent a great part of the typical hydrology for the region and provide important information about attainable criteria for the basin.  Therefore, some of the selected reference sites are representative of hydrologically modified waterbodies or canals.

The following are the criteria used for LDEQ’s existing ecoregion efforts (LDEQ 1996, 2008a) for selection of reference areas and were used to select reference sites in the Barataria and Terrebonne Basins:

1. The entire watershed should be without any unusual or unique morphological or hydrological characteristics that are not exhibited by any other water body within the ecoregion; 

2. No significant point or nonpoint sources should discharge to or impact the water body.  Examples of significant nonpoint sources could be agricultural activities, urban developments, silviculture activities, gravel mining, etc.;  

3. The water body should be natural, preferably with no hydromodification; 

4. The water body should have a site that is accessible to the sampling crew;
5. The water body should be able to be sampled with gear of choice for ecoregion and water body type
To find reference sites, several different tools were used including ecoregion delineations, land use maps, aerial photography, salinity maps, hydrological studies, waterbody maps, point source inventories, local expertise, and reconnaissance surveys.  These tools were used to identify sites that are least-impacted, but the sites may also include hydrologic modification, intermittent streams, and naturally dystrophic waters (e.g. in swamps and/or bottomland forests).  Land uses in the Barataria and Terrebonne Basins are illustrated in Appendix A, Figure A-2.  Permitted dischargers in the Barataria and Terrebonne Basins were identified from the LDEQ permits database.  The location of permitted dischargers in the reference subsegments is shown in Appendix A, Figure A-3 and a list of permitted dischargers presented in Appendix A, Table A-1.  LDEQ field staff verified that no dischargers impacted the reference sites.  Hydromodification information, obtained from the Louisiana Department of Natural Resources (LDNR) Coastal Use Permits database and the U.S. Army Corps of Engineers (USACOE), was reviewed for activities in the selected sites.
By using the above selection criteria, a total of 13 subsegments have been identified as having reference, or least-impacted, sites in the two ecoregions found in the Barataria and Terrebonne Basins.  LDEQ selected reference sites representative of all salinity regimes within the Basins.  LDEQ categorized the reference sites, according to LAC 33:IX.1105, based on average annual salinity as: freshwater (average salinity less than or equal to 2 parts per thousand, ppt), brackish (greater than 2 ppt and less than 10 ppt), or marine (greater than or equal to 10 ppt).
Subsegment numbers were used to identify the reference sites because most data and maps used for selection of reference sites are typically based on or related to subsegment numbers (e.g. watershed boundaries).  However, subsegment boundaries were not used as absolute limits for data inventories and survey planning.  Data sources beyond the boundaries of the reference subsegments were plotted and considered for use in this project if they were located in least-impacted areas and representative of the area.  Therefore, the term “reference subsegment”, as used in this document, may include sites outside the actual subsegment boundaries.
For each of the reference sites, data sources were inventoried, data usability determined, and data gaps identified.  Data gaps were filled by LDEQ conducting field surveys to collect additional data.  For those sites where LDEQ survey work was not necessary (i.e. sufficient and usable data exist from other sources), data analysis was performed to document aquatic life uses and determine supporting water quality criteria for dissolved oxygen.  The criteria recommendations for the Barataria and Terrebonne Basins are based on the analysis of both the existing (inventoried) data and newly collected survey data.

2.2. Site Reconnaissance

LDEQ Watershed Surveys personnel visited each reference waterbody targeted for collecting continuous monitoring data to support established Louisiana Department of Wildlife and Fisheries (LDWF) fish collection sites to determine a representative location for deployment of continuous water quality monitors.  If it was determined that the historical site location was suitable and deemed “Representative”, then a monitor was deployed and the location recorded using GPS.  If the site was not suitable, a more suitable (representative) site was selected in the general area, and the new site was recorded using a GPS.  All subsequent continuous monitor deployments for each site were at the coordinates established in the initial deployment.

2.3. Final Selection

Based on review of the available data and reconnaissance visits to the areas, LDEQ identified 26 reference sites within 13 reference subsegments in the Barataria and Terrebonne Basins in the CDP and LMRAP Ecoregions (Appendix B, Table B-1).  Locations of reference sites are shown in Appendix A, Figure A-2.  These reference sites were monitored for evaluation of appropriate dissolved oxygen criteria to support the existing least-impacted fish and wildlife propagation use. 

3. Materials and Methods

3.1. Existing Data

Existing data sources were reviewed for fisheries and dissolved oxygen data (field data) in the 13 reference subsegments.  LDEQ’s existing set of dissolved oxygen criteria is based in part on a “minimum” level and diurnal fluctuations.  Two types of data can be used to assess against these standards, including instantaneous grab samples and continuous monitoring samples (24-hour).  In the data sources evaluated, both types of data were obtained when available.  
Instantaneous grab sample data sets had to include a time of collection in order to be accepted.  Because the current dissolved oxygen criterion is based in part on a “minimum” level, the time of lowest expected dissolved oxygen level is important to consider.  Low levels of dissolved oxygen are expected to occur during the early morning hours around the time when plant/algae respiration ceases and photosynthetic activity resumes.  This time may vary depending on a number of factors including light/dark cycle, weather patterns, riparian canopy, etc.  Preliminary reviews of a number of data sets in the study area indicated minimum levels during diurnal cycles typically occurred after 12:00 a.m. and before 12:00 p.m.  Therefore, instantaneous grab sample data outside this time range were not included in the data set.

Data appropriate for this project was obtained from the USEPA and LDWF.  However, data biases and limitations of the data were documented and considered during its use for aquatic life use determinations.  Other independent studies were also used to support decisions on attainable uses and goals.  
3.1.1. U.S. Environmental Protection Agency

USEPA initiated a concurrent study of 15 reference sites in the Terrebonne Basin (USEPA 2007).  USEPA reference sites are outlined in Appendix B, Table B-2.  Where noted, LDEQ incorporated water quality and biological (fish) data collected by USEPA in the data analysis for LDEQ’s UAA process.  Biological (fish) metrics calculated and data used in the analysis are summarized in Appendix B, Table B-3. 
3.1.2. Louisiana Department of Wildlife and Fisheries
All fish and invertebrate data for Louisiana Department of Wildlife and Fisheries (LDWF) programs with sampling sites in the Barataria and Terrebonne regions was requested from the LDWF and the data examined for potential use for determining biological diversity in the reference areas.  Data was received from LDWF for the following projects:  Inland Fisheries Independent Sampling Program, Marine Fisheries Independent Sampling Program, and the Shrimp/Groundfish Program.

The data, site location information, and reference files were obtained in text format, which were then converted into MS Access tables.  Relationships between the tables were established based upon information received from the LDWF database contacts.  The quality of the data was variable, often having missing site location information, blank fields, and codes that were not provided in the reference files.  Data for which these issues could not be resolved were removed from the MS Access database and stored in another location.  Fish data from the LDWF inland and marine fisheries programs were compiled from the 2001 to 2005 collections.  Biological (fish) metrics calculated and data used in the analysis are summarized in Appendix B, Table B-3.   
The Inland Fisheries Independent (IFI) data was collected using a variety of gear.  The fish data collected using rotenone was the most robust and also yielded the highest diversity measurements.  Fish data collected using electroshocking equipment in the IFI program were targeted towards largemouth bass and were not suitable for measuring diversity.  Therefore, IFI fish data collected through one-acre rotenone sampling was included in this study and IFI fish data collected through electroshocking was not.   

The Marine Fisheries Independent (MFI) data was collected using primarily gill nets (varying sizes), with some seines and trawls.  Although the sampling was not targeted towards any particular species, these sites consistently yielded lower diversity values than fish collected using rotenone.  However, the MFI data was determined to be suitable for use in data analysis for this study.
Although the Shrimp/Groundfish data was extensive, the sampling was specifically targeted towards species of white and brown shrimp and the collection of any other species was incidental.  Therefore, this data was not useful for determining overall biological diversity and was not used in data analysis.  

3.2. Sampling Methods
3.2.1. Habitat Assessments

LDEQ had previously modified USEPA’s Rapid Bioassessment Protocol Low Gradient Stream Habitat Assessment form (Barbour et al. 1999) for use in Louisiana’s upland/inland ecoregions.  This form was used in the Barataria and Terrebonne Basins UAA project, however, modifications to the form were necessary to account for habitat conditions found in the coastal regions (i.e. no gradient, tidally influenced areas) (Foret et al. 2004, McHugh 1967, Simenstad et al. 1991).  Additionally, some of the monitoring sites in this UAA are lakes.  A lake habitat form has not been developed by LDEQ and therefore was not immediately available. The low gradient stream habitat assessment rating system was not considered applicable for the lake reference sites; these cases are noted in the habitat descriptions (Appendix A). 
Habitat assessments were completed for all sites; habitat descriptions and photographs for the LDEQ reference sites are reported in Appendix A, with the exception of Lake Palourde (Sites 3111, 3112, and 3113), which is characterized by open water.  The Lake Palourde sites were added after initial reconnaissance and completion of habitat assessments due to the availability of existing LDWF fisheries data.  Even though habitat assessment ratings are not applicable to all sites, site information and survey conditions were documented during each sampling event using LDEQ’s Site Information form (LDEQ 2007).  
For habitat assessments qualitative measurements were estimated by LDEQ field staff for the following variables: predominant surrounding land use, canopy cover, hydromodifications, accessibility, recreational activities, water clarity and color, and percent composition of inorganic and organic substrate.  Observations were recorded on the LDEQ Habitat Assessment form (LDEQ 2007).
3.2.2. Water Quality
LDEQ collected continuous monitoring water quality data from May 2005 to February 2008 at 26 reference sites in the Barataria and Terrebonne Basins (Appendix B, Table B-4).  All water quality sampling was performed using protocols described in LDEQ’s Standard Operating Procedures for water quality sampling (LDEQ 2004a and 2004b) and according to the Quality Assurance Project Plan (QAPP) for the Barataria-Terrebonne UAA (LDEQ 2007).  During the period of September 2005 through January 2006, LDEQ was required to focus on hurricane response management, and no work was performed for the Barataria-Terrebonne UAA.  However, sampling resumed in February 2006 as hurricane response activities decreased and field work was completed in February 2008.

Water quality measurements for the UAA sites included dissolved oxygen (mg/L), temperature (ºC), pH, specific conductivity (µS/cm), salinity (ppt), and percent dissolved oxygen (% saturation).  Continuous monitors were deployed for 24 to 72 hours to collect diurnal data.  Continuous monitors were also placed in reference areas near historical LDWF sites where usable LDWF fisheries data exists (Sites 3084, 3087, 3088 and 3089).  LDEQ collected fish and continuous monitoring water quality data from reference sites near LDWF sites without existing or historical fish data. The relationships between LDEQ fish sampling reference sites and LDWF fish sampling sites are described in Appendix B, Table B-5.
3.2.3. Biological (Fish)

LDEQ collected biological (fish) samples during the spring and summer of 2005 and the spring of 2006 (Appendix B, Table B-6).  All biological sampling was performed using protocols described in LDEQ’s Standard Operating Procedures for biological sampling (LDEQ 2004a and 2004b) and according to the QAPP for the Barataria-Terrebonne UAA (LDEQ 2007).
The fish sampling methods used by LDEQ and LDWF included one-acre rotenone, electroshockers, seine, and hoop net (Appendix B, Table B-6).  These methods target different fish species and levels of fish community composition (LDWF 2005) for a particular type of waterbody and/or environment.  The multiple fish sampling methods were used in an effort to survey the different fish species present in the waterbodies of the Barataria and Terrebonne Basins.
LDEQ began fish sampling in May 2005.  Grand Bayou Sites 2970 and 2976 were sampled using electroshocking equipment and Sites 2750 (Pat Bay), 3082 (Lower Flat of Upper Grand Rover), and 3083 (Upper Grand River) were sampled with hoop nets.  Continuous monitoring water quality data was also collected at the time of fish sampling for each of these sites. 

In July-August 2005, the LDEQ Water Quality Surveys Section conducted one-acre rotenone sampling with LDWF at Lake Verret Sites 3106 and 3107 and also at Lake Palourde Sites 3111, 3112, and 3113.  Continuous monitors were also deployed at each site to collect water quality data.  Three additional sites in Grassy Lake (LDWF 1016) and Pierre Part Bay (LDWF 1017 and 1018) were surveyed conjointly by LDEQ and LDWF using the one-acre rotenone sampling method.  Continuous monitoring water quality data was not collected during the cooperative LDEQ-LDWF sampling events. 
The LDEQ Water Quality Surveys Section conducted fish sampling using the electroshocker at Sites 0896 (Lake Penchant), 3007 (Bayou Copasaw), 2970 (Grand Bayou 1), and 2976 (Grand Bayou 2) during July-August 2005.  Additionally, Sites 2750 (Pat Bay), 3082 (Lower Flat of the Upper Grand River), and 3083 (Upper Grand River) were sampled by seine during July-August 2005.  Water quality data was collected at the time of fish sampling for each site, except 2750.
Hurricane Katrina struck Louisiana on August 29, 2005 and Hurricane Rita struck on September 24, 2005, interrupting all sampling activities for the Barataria-Terrebonne UAA.  Hurricane response activities for the LDEQ Water Quality Assessment Division (WQAD) decreased by spring 2006 and the LDEQ Water Quality Surveys Section performed the final round of fish sampling using the electroshocker at Sites 3083 (Upper Grand River), 2750 (Pat Bay), 2970 (Grand Bayou 1), 2976 (Grand Bayou 2), 0896 (Lake Penchant), and 3007 (Bayou Copasaw) during March 2006.  Continuous monitoring water quality data was collected at the time of fish sampling at Sites 2970 and 2976 during the March 2006 fish sampling event.
3.3. Data Analysis

3.3.1. Data Evaluation

Continuous monitoring water quality data collected in the Barataria and Terrebonne Basins was evaluated for data quality.  Anomalous data points were identified through visual inspection of time-series graphs of each water quality parameter for a continuous monitoring run.  Data points found to be considerably different from neighboring data points in a continuous monitoring run were identified as unusual and flagged for further review of possible causes (transcription, deployment, equipment malfunction, etc.).  Anomalous data points omitted from analysis were documented in LDEQ (2008b).
3.3.2. Critical Period Determination

The critical period was determined through aggregation of reference stream continuous monitoring data by ecoregion and waterbody type as described in LDEQ (2008a).  The dissolved oxygen data was graphically displayed by month of collection to establish when the critical period begins for a waterbody type in a given ecoregion.  The dissolved oxygen values were compared to the national benchmarks for freshwater and marine waters (5 mg/L) and estuarine waters (4 mg/L).  The critical period begins the month when data points for dissolved oxygen fall below the national benchmark and ends when data points for dissolved oxygen no longer fall below the national benchmark (LDEQ 2008a).  While dissolved oxygen is primarily used for determination of critical period, biological information such as timing of fish spawning may also be considered during the critical period determination process (see Appendix D, Table D-8 and D-9).  

3.3.3. Statistical Analyses
LDEQ continuous monitoring water quality data for the Barataria and Terrebonne Basins was stored in the L’EAU Water Quality database.  L’EAU (Louisiana Environmental Access Utility) is an Oracle database that contains water quality data collected by LDEQ as well as water body information (subsegments, designated uses, and criteria).  Water quality data was reviewed and uploaded into the continuous monitoring data table in L’EAU.  For analysis, data was exported from L’EAU to MS Excel and combined with continuous monitoring water quality data obtained from USEPA (2007) for the Terrebonne Basin.  Statistical analyses were performed in SAS.
All continuous monitoring water quality data was analyzed by ecoregion and waterbody type to characterize the diurnal cycle present in some Louisiana waterbodies.  However, a subset of the data, collected between 6 am and 12 pm, was analyzed separately as well.  This time period was chosen because 1) low dissolved oxygen typically occurs in the morning hours from 12 am to 12 pm, and 2) ambient grab samples collected for assessment purposes are collected during the 6 am to 12 pm time frame.  The data subset from 6 am to 12 pm represents water quality conditions to which grab samples will be compared for assessment purposes.  

Descriptive summary statistics were generated for both diurnal (24-hour data) and 6:00 am to 12:00 pm data for all water quality parameters by ecoregion, waterbody type, and critical and non-critical period.  Although several water quality (chemistry) parameters were measured, results and discussion will focus on dissolved oxygen.
Species richness (number of species observed), abundance (number of individuals observed), and percent composition based on affinity for freshwater, estuarine, marine, or mixed freshwater and marine waters were reported for biological (fish) data collected by LDEQ and LDWF, from data obtained from the LDWF IFI and MFI Programs, and from data collected by USEPA (see Appendix B, Table B-3).  Representative, or key, fish species for Louisiana waterbodies were those found in greater than 80% of reference sites in an ecoregion, as observed in historical LDEQ data (Appendix D, Tables D-8 and D-9).   
The Shannon-Wiener Diversity Index (H`), which takes into account relative abundance and richness of species (Magurran 1988, 2003; Davis and Simon 1995), was used to characterize the biodiversity of LDEQ and LDWF fisheries data (see Appendix B, Table B-3).  As H` is a measure of community composition, it is more robust for fisheries data collected through sampling methods that targets the entire fish population (e.g. rotenone data and balloon trawl data).  But estimates of H` for fisheries data collected by other methods, that may target a certain fish species (e.g. electroshocking, seine, and hoop net), may also be used as supportive information. 
4. Results

4.1. Data Evaluation
LDEQ continuous monitoring data was evaluated and anomalous data points identified (LDEQ 2008b).  Of the 295 continuous monitoring runs conducted from May 2005 to February 2008 at the 26 reference sites in the Barataria and Terrebonne Basins, 16 continuous monitoring runs contained anomalous data points.
Anomalous data points in LDEQ continuous monitoring data that were omitted from analysis include: 4 data points due to deployment at Site 0896 during November 2007; a data point at Site 0998 during April 2007 due to negative salinity reading; 5 data points during June 2005 and a data point during February 2006 at Site 3007; a data point at Site 3079 during September 2007; a data point at Site 3080 during November 2007 due to deployment; a data point during May 2005 and a data point during December 2007 for Site 3081 due to deployment; a data point at Site 3081 during July 2007; a data point at Site 3084 during August 2007 due to equipment malfunction; a data point at Site 3085 during June 2005; a data point at Site 3086 during April 2007; 15 data points at Site 3087 during March 2006 due to equipment malfunction; 6 data points at Site 3089 during August 2005 due to deployment; 4 data points at Site 3090 during October 2007; and 1 data point at Site 3107 during January 2008 due to equipment malfunction.  The LDEQ data points that were omitted from analysis are also summarized in Appendix B, Table B-7.
USEPA continuous monitoring data was also evaluated following the same methods used to evaluate LDEQ water quality data.  Of the 60 continuous monitoring runs conducted by USEPA from August 2005 to August 2006 in the Terrebonne Basin, 6 sampling events contained anomalous data points.  The anomalous data points that were omitted from analysis include: a data point from both Site C-4 August 2005 sampling event and Site C-8 August 2005 sampling event likely due to deployment; a duplicate data point was omitted from Site C-8 January 2006 sampling event; a data point from Site C-11 January 2006 sampling event; due to an instrument malfunction for DO reported by USEPA (2007), the entire data set for Site C-12 August 2005 was omitted from data analysis; and the entire data set for Site C-14 August 2005 was omitted from analysis due to negative depth and turbidity.  The USEPA data points that were omitted from analysis are summarized in Appendix B, Table B-8.  Anomalous data points for water quality data collected by LDEQ and USEPA in the Barataria and Terrebonne Basins are reported in LDEQ (2008b).  
Due to concerns over actual sampling location for USEPA Site C-8, as noted by LDEQ in the QAPP for the Barataria and Terrebonne Basins UAA (LDEQ 2007), all continuous monitoring water quality data sets and biological (fish) data for Site C-8 are omitted from data analysis.
4.2. Critical Period Determination

The dissolved oxygen values during each month were compared to the national benchmarks (5 mg/L for freshwater and marine and 4 mg/L for estuarine waters) to determine the beginning and ending of the critical period.  The critical and non-critical periods for each ecoregion and waterbody type in the Barataria and Terrebonne Basins are summarized in 
Table 1
. 
Table 1.  Critical and non-critical periods for dissolved oxygen for waterbody types in the Coastal Deltaic (CDP) and Lower Mississippi River Alluvial (LMRAP) Plains Ecoregions in the Barataria and Terrebonne Basins.
	Ecoregion
	Waterbody Type
	Critical Period
	Non-Critical Period

	CDP
	Bay/Estuary
	April – August
	September – March

	CDP
	Canal
	June – August
	September – May

	CDP
	Lake
	June
	July – May

	CDP
	Stream
	April – August
	September – March

	LMRAP
	Lake
	April – September
	October – March

	LMRAP
	Stream
	March – November
	December – February


For the CDP Ecoregion bay/estuary and canal waterbody types, dissolved oxygen values were compared to the national benchmark of 4 mg/L for estuarine waters.  The critical period for bays/estuaries is April through August (Appendix C, Figure C-1) and for canals is June through August (Appendix C, Figure C-2).  Dissolved oxygen values were greater than the national benchmark from October through March for bays/estuaries and from October through May for canals.  Because no data was available for September, this month is not included in the critical periods.  Thus, the non-critical period is September to March for bays/estuaries and September to May for canals in the CDP Ecoregion.
Dissolved oxygen in lakes and streams in the CDP Ecoregion was compared to the national benchmark of 5 mg/L.  The critical period for lakes in the CDP Ecoregion is June (Appendix C, Figure C-3).  Dissolved oxygen fell below the national benchmark of 5 mg/L for freshwaters only during the month of June in lakes.  The non-critical period for lakes is July through May, indicating the period when dissolved oxygen was above the benchmark.  
For streams in the CDP Ecoregion, the critical period is April through August (Appendix C, Figure C-4).  No data was available for the months of March and September (these months were not included in the critical period).  The non-critical period is September through March for streams in the CDP Ecoregion.
In lakes in the LMRAP Ecoregion, dissolved oxygen fell below the national benchmark of 5 mg/L for freshwaters from April through September (Appendix C, Figure C-5).  The critical period is April through September while the non-critical period is October through March.  
For streams in the LMRAP Ecoregion, dissolved oxygen fell below the national benchmark of 5 mg/L during all months except February (Appendix C, Figure C-6).  Although dissolved oxygen did drop below 5 mg/L in January and December, given the temperature (less than 16ºC) observed in these months and potential timing of fish spawning (see Appendix D, Tables D-8 and D-9), these months may not be considered to be part of the critical period.  Thus, the critical period is March through November and the non-critical period December through February for streams in the LMRAP Ecoregion. 
4.3. Habitat Assessments

For bays/estuaries (Sites 3084, 3085, 3086, and 3087) in the CDP Ecoregion, the predominant surrounding land uses were marsh and wetlands.  The local watershed was characterized by heavy erosion and no hydromodifications were present.  The surface shading was open with no canopy cover.  Water clarity was slightly turbid and color clear.  Inorganic substrate composition was predominantly silt (>80%) with some sand (~10%) and clay (~10%).  Organic substrate composition was between 50 and 90% muck/mud and between 10 to 50% marl.  A low gradient stream habitat rating was not applicable to these sites (see Appendix A for Habitat Assessment descriptions).

For canals (Sites 3088 and 3089) in the CDP Ecoregion, the predominant surrounding land uses were marsh and broken marsh.  The local watershed was characterized by heavy erosion.  No dams were present, but these sites are dredged canals.  The surface shading was open with up to 5% shading.  Information on water clarity and color was not available.  Inorganic substrate composition was 100% silt and organic composition was 100% muck/mud.  A low gradient stream habitat rating for Site 3088 was Poor to Fair.
In lakes (Sites 0896 and 3090) in the CDP Ecoregion, the predominant surrounding land uses were marsh and wetlands.  The local watershed was characterized by heavy erosion, and no hydromodifications were present.  Water clarity was slightly turbid and color clear.  Inorganic substrate composition was predominantly silt (>80%) with some sand (~10%) and clay (~10%).  Organic substrate composition was 50 to 90% muck/mud and 10 to 50% marl.  A low gradient stream habitat rating was not applicable to these sites.  
At the CDP stream site (3007), the predominant surrounding land use was wetlands.  The local watershed was characterized by heavy erosion and no hydromodifications were present.  Information on water clarity and color was not available.  Inorganic substrate composition was 100% silt and organic composition 50% muck/mud and 50% marl.  A low gradient stream habitat rating was not applicable to this site.

In the LMRAP Ecoregion at Grassy Lake (Site 0588) and Lake Verret (Sites 3080, 3106, 3107, 3108, and 3109), the predominant surrounding land uses were forests and wetlands.  The local watershed was characterized by slight erosion and no hydromodifcations were present.  The surface shading was open (about 2% shading).  Water clarity was slightly turbid; the water color was reported as tea-colored at Lake Verret and green at Grassy Lake.  Inorganic substrate composition was from 80 to 100% silt and <20% clay.  Organic substrate composition was 50% muck/mud and 50% marl at Grassy Lake and 50% detritus and 50% muck/mud at the Lake Verret sites.  A low gradient stream habitat rating was not applicable to these lake sites.

At streams (Sites 0998, 2750, 2970, 2976, 3079, 3081, 3082, 3083) in the LMRAP Ecoregion, the predominant surrounding land uses were forests and wetlands.  The local watershed was characterized by slight erosion and no hydromodifications were present, although natural channelization was observed at Upper Grand River Sites 0998 and 3083.  Surface shading was from 0 to 10% cover.  Water clarity ranged from slightly turbid to opaque; water color was reported as green to brown.  Inorganic substrate composition was from 50 to 100% silt, 5 to 50% clay, and 0 to 5% sand.  Organic substrate composition was from 10 to 50% detritus and 50 to 90% muck/mud.  Low gradient stream habitat ratings ranged from Fair to Excellent. 

4.4. Water Quality

Continuous monitoring water quality data from the Barataria and Terrebonne Basins is described below by ecoregion, waterbody type, and period.  Results are presented as diurnal water quality, or all data collected, and morning water quality, or data collected from 6 am to 12 pm.  Summary statistics for all water quality parameters measured (dissolved oxygen, temperature, pH, specific conductivity, salinity, and percent dissolved oxygen) are presented in Appendix C, Tables C-3 through C-8 for diurnal water quality and Tables C-9 through C-14 for morning water quality. 
4.4.1. Diurnal
4.4.1.1. Coastal Deltaic Plain (CDP) Ecoregion
For bays and estuaries in the CDP Ecoregion, dissolved oxygen exhibited diurnal fluctuations (Appendix C, Figures C-7 and C-8).  Dissolved oxygen was lower in the morning hours than in the evening, although this relationship was more pronounced during the critical period than in the non-critical period.  Dissolved oxygen ranged from 0.8 to 12.4 mg/L, a change of 11.6 mg/L, during the critical period and 5.2 to 14.4 mg/L, a change of 9.2 mg/L, during the non-critical period.  But dissolved oxygen rarely fell below the national benchmark during the critical period as only 3.1% of the observed data points fell below 4 mg/L (Appendix C, Table C-1).  Dissolved oxygen did not fall below the benchmark during the non-critical period.

Dissolved oxygen also displayed diurnal fluctuations in canals in the CDP Ecoregion.  Dissolved oxygen in the morning was considerably lower than dissolved oxygen in the evening hours (Appendix C, Figures C-9 and C-10).  Daily dissolved oxygen ranged from 2.5 to 16.4 mg/L, a change of 13.9 mg/L, during the critical period and 4.3 to 14.5 mg/L, a change of 10.2 mg/L, during the non-critical period and ranges were more pronounced during the critical period.  Dissolved oxygen fell below the national benchmark of 4 mg/L only 5.9% of the time during the critical period and did not fall below the benchmark during the non-critical period (Appendix C, Table C-1).

Dissolved oxygen was lower in the morning hours than in the evening hours during the critical and non-critical periods for lakes in the CDP Ecoregion (Appendix C, Figures C-11 and C-12).  Dissolved oxygen ranged from 4.2 to 13.6 mg/L during the critical period and 5.7 to 16.8 mg/L during the non-critical period.  The range of dissolved oxygen was higher in the non-critical period (change of 11.1 mg/L) than in the critical period (change of 9.4 mg/L).  Dissolved oxygen fell below the national benchmark of 5 mg/L only 1.2% of the time during the critical period (Appendix C, Table C-1).

Streams showed the highest degree of diurnal fluctuation in the CDP Ecoregion.  The range of dissolved oxygen was greater in the critical period (dissolved oxygen ranged from 1.6 to 19.3, a change of 17.7 mg/L) than in the non-critical period (dissolved oxygen ranged from 5.7 to 14.6 mg/L, a change of 8.9 mg/L) (Appendix C, Figures C-13 and C-14).  Dissolved oxygen fell below the 5 mg/L national benchmark 15.1% of the time during the critical period (Appendix C, Table C-1).
4.4.1.2. Lower Mississippi River Alluvial Plain (LMRAP) Ecoregion

In lakes in the LMRAP Ecoregion, dissolved oxygen displayed diurnal fluctuations, with higher dissolved oxygen observed later in the day after 12 pm, during both the critical and non-critical periods (Appendix C, Figures C-15 and C-16).  The diurnal fluctuation was more pronounced in the critical than in the non-critical period.  Dissolved oxygen ranged from 0.3 to 24.1 mg/L, a change of 23.8 mg/L, during the critical period and 5.4 to 18.3 mg/L, a change of 12.9 mg/L, during the non-critical period.  Dissolved oxygen fell below the 5 mg/L benchmark 19.8% of the time during the critical period in lakes in the LMRAP Ecoregion (Appendix C, Table C-1).

Dissolved oxygen displayed diurnal fluctuations during the critical period but not during the non-critical period for streams in the LMRAP Ecoregion (Appendix C, Figures C-17 and C-18).  Dissolved oxygen ranged from 0.1 to 18.7 mg/L, a change of 18.6 mg/L, in the critical period and 1.4 to 12.7 mg/L, a change of 11.3 mg/L, in the non-critical period.  Dissolved oxygen fell below the 5 mg/L benchmark 42.1% of the time during the critical period and 6.3% of the time during the non-critical period (Appendix C, Table C-1).

4.4.2. Morning (6 am to 12 pm)

4.4.2.1. Coastal Deltaic Plain (CDP) Ecoregion
In bays and estuaries in the CDP Ecoregion, dissolved oxygen fell below the 4 mg/L benchmark 6.1% of time during the critical period for samples collected in the morning hours between 6 am and 12 pm (Appendix C, Table C-2).  The range of dissolved oxygen was from 0.8 to 9.6 mg/L, a change of 8.8 mg/L, in the critical period and 5.3 to 13.4 mg/L, a change of 8.1 mg/L, during the non-critical period.
Dissolved oxygen fell below the national benchmark of 4 mg/L 15.0% of the time in canals in the CDP Ecoregion (Appendix C, Table C-2).  The range of dissolved oxygen observed from 6 am to 12 pm was from 2.6 to 11.7 mg/L, a change of 9.1 mg/L, during the critical period and 4.3 to 10.1 mg/L, a change of 5.8 mg/L, during the non-critical period.

Dissolved oxygen did not fall below the national benchmark of 5 mg/L in samples collected from 6 am to 12 pm during the critical or non-critical periods for lakes in the CDP Ecoregion (Appendix C, Table C-2).  Dissolved oxygen ranged from 5.1 to 9.1 mg/L, a change of 4.0 mg/L, and 5.7 to 14.7 mg/L, a change of 9 mg/L, in the critical and non-critical periods, respectively, for samples collected from 6 am to 12 pm.

For streams in the CDP Ecoregion, dissolved oxygen fell below the national benchmark 30.2% of the time during the critical period (Appendix C, Table C-2).  In samples collected from 6 am to 12 pm, dissolved oxygen ranged from 1.6 to 18.2 mg/L, a change of 16.6 mg/L, during the critical period and from 5.7 to 14.6 mg/L, a change of 8.9 mg/L, during the non-critical period.
4.4.2.2. Lower Mississippi River Alluvial Plain (LMRAP) Ecoregion
In lakes in the LMRAP Ecoregion, dissolved oxygen fell below the 5 mg/L benchmark 36.0% of the time for samples collected between 6 am and 12 pm (Appendix C, Table C-2).  The range of dissolved oxygen observed from 6 am to 12 pm was 0.9 to 18.0 mg/L, a change of 17.1 mg/L, during the critical period and 5.4 to 14.9 mg/L, a change of 9.5 mg/L, during the non-critical period.

For streams in the LMRAP Ecoregion, dissolved oxygen fell below the 5 mg/L national benchmark 57.9% of the time in samples collected from 6 am to 12 pm during the critical period and 7.3% of the time during the non-critical period (Appendix C, Table C-2).  The range of dissolved oxygen observed in streams in the LMRAP Ecoregion was 0.1 to 12.8 mg/L, a change of 12.7 mg/L, during the critical period and 1.4 to 10.1 mg/L, a change of 8.7 mg/L, during the non-critical period.
4.5. Biological (Fish)

Tables containing biological (fish) data that were collected and considered for use in this UAA are provided in Appendix D: LDEQ and LDWF rotenone sampling (Table D-1); LDEQ electroshock sampling (Table D-2); LDWF Marine Fisheries Independent Monitoring data sampled by seine and gill net (Table D-3); the percent freshwater, estuarine, mixed, or marine species composition for sites sampled by LDEQ and LDWF and historical LDWF fisheries data (Table D-4); fish species richness (number of species observed), abundance (number of individuals observed), and Shannon-Wiener Diversity Index (H`) values for LDEQ and LDWF data (Table D-5); and fish species richness (Table D-6) and percent composition of freshwater, estuarine, mixed, and marine fish species (Table D-7) in the Terrebonne Basin from reference sites sampled by USEPA (2007).
Water quality (dissolved oxygen and temperature) and fish sampling results are provided in Appendix D (Figures D-1 through D-18) for those sites sampled by LDEQ and LDWF where fish sampling activities coincided, both temporally and spatially, with water quality continuous monitoring (see Appendix B, Table B-6 for LDEQ and LDWF fish sampling coverage).
4.5.1. Fish Species Richness and Abundance
Fish sampling with one-acre rotenone in the LMRAP Ecoregion at Grassy Lake (LDWF Site 1016), Pierre Part Bay (LDWF Sites 1017 and 1018), Lake Verret (Sites 3106 and 3107), and Lake Palourde (Sites 3111, 3112, and 3113) yielded from 19 to 37 fish species, consisting of both freshwater and estuarine species (Appendix D, Table D-1).  In the LMRAP Ecoregion, key freshwater species, or those typically found in greater than 80% of reference areas within an ecoregion (Appendix D, Table D-9), included black crappie, bluegill sunfish, channel catfish, darters, madtoms, largemouth bass, redear sunfish, warmouth, and white bass (Appendix D, Table D-1).  Total abundance (total number of individuals observed) of fish collected with rotenone sampling in lakes and streams in the LMRAP Ecoregion ranged from 71 to 324 individuals (Appendix D, Table D-5).  Rotenone sampling at Little Lake (LDWF Site 1005) in the CDP Ecoregion yielded richness (number of species observed) of 7 to 13 fish species with total abundance ranging from 23 to 44 individuals per year from 2002 to 2004 (Appendix D, Table D-5).  

Fish collected through electroshocking in the CDP and LMRAP Ecoregions yielded from 20 to 30 fish species (Appendix D, Table D-2).  In the LMRAP Ecoregion, Grand Bayou southwest of Belle Rose (Site 2976) yielded the highest species richness of 30.  Both Grand Bayou at Bayou Corne (Site 2970) and Upper Grand River (Site 3083) had 26 fish species collected, and 23 species were collected at Pat Bay (Site 2750).  In the CDP Ecoregion, 20 fish species were collected at both Bayou Copasaw (Site 3007) and Lake Penchant (Site 0896).  

Similar to that observed for rotenone sampling, key freshwater species; including black crappie, bluegill sunfish, largemouth bass, and redear sunfish; were present at all sites surveyed in the CDP and LMRAP Ecoregions with electroshocking equipment.  Total abundance of fish collected with electroshocking equipment in lakes and streams in the CDP Ecoregion was 141 and 72, respectively; while in streams in the LMRAP Ecoregion, total abundance ranged from 141 to 634 individuals (Appendix D, Table D-5).
Fish in bays/estuaries and canals in the CDP Ecoregion were primarily collected with gill net and seine in data from 2001 to 2005 obtained from the LDWF Marine Fisheries Independent Monitoring Program.  Species richness per site ranged from 26 to 64 fish species in bays/estuaries and from 14 to 26 fish species in canals (Appendix D, Table D-3).  Key species observed in bays/estuaries and canals included gulf menhaden, redear sunfish, striped mullet, and threadfin shad, while those observed in canals also included largemouth bass (Appendix D, Tables D-3 and D-8).  Total abundance of fish in bays/estuaries ranged from 104 to 977 at sites sampled by gill net and from 3074 to 7808 at sites sampled by seine (Appendix D, Table D-5).  Total abundance of fish in canals ranged from 907 to 1258 at LDWF Site 0589 and 1117 to 1899 at LDWF Sites 0559 from 2001 to 2004 (Appendix D, Table D-5).   

4.5.2. Percent Composition of Fish Species
The percent composition of fish species was calculated for sites sampled by LDEQ (Appendix D, Table D-4) and USEPA (Appendix D, Table D-7).  In bays and estuaries in the CDP Ecoregion, the majority of fish sampled were freshwater (96%) at USEPA Site C-10.  However, at LDEQ sites in Bay Rambo, the majority of fish species collected were estuarine (> 90%), with the exception of Site 0572 in 2003, where half of the fish population sampled were estuarine species and the other half were marine.
Percent composition of fish species in canals in the CDP Ecoregion primarily consisted of estuarine species and some freshwater species, with the exception of Site 0559 in 2003 when the population sampled was half estuarine and half marine.  No canals, as classified by LDEQ, were sampled by USEPA.
At the LDEQ lake reference sites in the CDP Ecoregion, the composition of fish sampled was >61%  estuarine, 4 to 25% freshwater, and up to 13% marine.  No lake sites in the CDP Ecoregion were sampled by USEPA.

In streams in the CDP Ecoregion, the fish population was half estuarine and half freshwater at the LDEQ reference site Bayou Copasaw (Site 3007).  At the USEPA reference sites C-11 through C-15, the majority of fish species were estuarine (>84%) and some were mixed freshwater/marine (up to 16%).   

USEPA observed freshwater (65% at Site C-7 and 43% at Site C-9) and estuarine (33% at Site C-7 and 55% at Site C-9) species in lake reference sites in the LMRAP Ecoregion.  For LDEQ sampled lake sites, the majority of fish species sampled were freshwater (> 78% at each site) and between 5 to 22% estuarine.  Although there were no marine species sampled, a small portion of mixed freshwater/marine species (i.e. species that spend part of their lifecycle in freshwater and part in marine) were observed (<4%). 
At streams in the LMRAP Ecoregion, USEPA observed predominantly freshwater species (>84% composition), some estuarine (<16%), and a few marine species (<1%).  These results are similar to that observed by LDEQ and LDWF at LMRAP stream sites, where the majority of fish species collected were freshwater (> 88%).  Estuarine species accounted for <12% of the sampled fishes and a small percentage of mixed freshwater/marine species were observed.  
4.5.3. Diversity of Fish Species
The Shannon-Wiener Diversity Index (H`) is used as an estimate of fish community composition in the Barataria and Terrebonne Basins.  At the rotenone sampled sites, H` for Grassy Lake (LDWF Site 1016) was 2.67 and 2.53 for the 2003 and 2005 sampling events, respectively (Appendix D, Table D-5).  The 2003 and 2005 sampling events at Pierre Part Bay (LDWF Sites 1017 and 1018) yielded H` ranging from 2.64 to 2.84.  At Lake Verret, H` was 2.49 at Site 3106 and 2.84 at Site 3107 in 2005.  At Lake Palourde, the 2005 sampling event yielded H` indices of 2.78 at Site 3111, 2.46 at Site 3112, and 2.81 at Site 3113.  H` for Little Lake ranged 1.29 to 2.36 during yearly samples from 2002 to 2004 (Appendix D, Table D-5).
Pat Bay, Grand Bayou, Bayou Copasaw, Upper Grand River, and Lake Penchant were sampled from 2005 and 2006 using electroshocking equipment.  H` for Pat Bay (Site 2970) in 2005 was 2.37 (Appendix D, Table D-5).  H` for Grand Bayou was 2.37 and 1.5 in 2005 and 2006 at Site 2970 and 2.45 and 2.11 in 2005 and 2006 at Site 2976.  H` was 2.23 at Bayou Copasaw (Site 3007), 2.21 for Upper Grand River (Site 3083), and 1.3 for Lake Penchant (Site 0896) in 2006.
At sites in bays/estuaries sampled with seine and gill net, H` ranged from 1.36 to 2.12 at LDWF Site 0550 (west of Calliou Lake) and from 0.74 to 2.18 at Bay Rambo (Sites LDWF 0536, 0556, and 0572) in yearly samples from 2001-2004 (Appendix D, Table D-5).  In canals in the CDP Ecoregion, H` ranged from 1.21 to 1.65 at LDWF Site 0589 (canal east of Montegut, LA) and 1.94 to 2.18 at LDWF Site 0559 (canal southeast of Montegut, LA) from 2001 to 2004 (Appendix D, Table D-5).
5. Discussion

5.1. Determination of Critical Period

The critical period, or the time frame when dissolved oxygen is expected to be low, was determined for waterbody types and ecoregions located in the Barataria and Terrebonne Basins (Table 1).  Critical periods differed among the different waterbody types and ecoregions.  In the CDP Ecoregion, the critical period for bays/estuaries and streams was from April to August.  The critical period for canals in the CDP Ecoregion was from June to August.  A short critical period was observed in lakes in the CDP Ecoregion, as dissolved oxygen was only observed to fall below the national benchmark of 5 mg/L during the month of June.

The critical period for lakes and streams in the LMRAP Ecoregion experienced longer periods than in the other waterbodies observed.  Dissolved oxygen was critical, or fell below the national benchmark of 5 mg/L, from April to September in lakes and from March to November in streams in the LMRAP Ecoregion.  

Dissolved oxygen fell below the benchmark of 5 mg/L in all months except February in LMRAP streams.  However, December and January were not included in the critical period because these months are typically not part of the dissolved oxygen critical period considering the relationship with temperature and fish life history characteristics.       

Critical periods were determined for those months where continuous monitoring water quality data was collected.  Data gaps in March and September for some waterbody types precluded these months from being in the critical period.  As additional data becomes available, the critical period may be refined for waterbodies in these ecoregions.
5.2. Habitat Assessments

Habitat assessments provided a qualitative evaluation of physical conditions at reference sites.  In the CDP Ecoregion, the predominant surrounding land uses were marsh and wetlands.  Local watershed erosion was considered to be heavy.  No hydromodifications were present in the bay/estuary, lake, or stream waterbody types, with the exception of canals.  Low gradient stream habitat ratings were not applicable to many of the reference sites in the CDP Ecoregion.  However, the canal Site 3088 was rated as Poor to Fair and is considered representative of a least-impacted hydrologically modified waterbody.

In the LMRAP Ecoregion, the predominant surrounding land uses were forests and wetlands.  Local watershed erosion was considered to be slight and no hydromodifications were present at the reference sites.  Although the low gradient stream habitat rating was not applicable for lakes, streams in the LMRAP Ecoregion were rated as Fair to Excellent.  Qualitative habitat assessments at reference sites indicate that these sites in the CDP and LMRAP Ecoregions are of reference quality.  

5.3. Characterization of Water Quality
Diurnal fluctuations were observed in all waterbody types examined in this study, with the exception of streams in the LMRAP Ecoregion during the non-critical period.  Louisiana waterbodies characteristically display a diurnal cycle for dissolved oxygen.  During these cycles, dissolved oxygen is typically lower in the morning hours and higher later in the day.  The waterbodies studied also exhibited fluctuations consistent with this trend.  Low dissolved oxygen levels are expected in the morning hours due to the cyclic nature of photosynthesis performed by plants and algae.  The timing of low daily dissolved oxygen may vary depending on other factors such as light/dark cycle, weather patterns, and riparian canopy.

Minimum dissolved oxygen values were below the national benchmarks for all waterbody types during the critical period.  In the CDP Ecoregion, dissolved oxygen minimums ranged 0.8 to 2.5 in streams, bays/estuaries, and canals during the critical period.  Lakes in the CDP Ecoregion displayed dissolved oxygen minimum at 4.2 mg/L during the critical period.  In the LMRAP Ecoregion, minimum values were much lower and were below 1 mg/L for lakes, and streams (Appendix C, Table C-3).

Dissolved oxygen fell below the national benchmarks less than 10% of the time in bays/estuaries, canals, and lakes in the CDP Ecoregion during the critical period.  However, the percent of time dissolved oxygen criteria was exceeded was greater than 10% in streams (15% of the time) in the CDP Ecoregion and in lakes (19.8% of the time) and streams (42.1% of the time) in the LMRAP Ecoregion (Appendix C, Table C-1).  In particular, for samples collected during the morning hours from 6 am to 12 pm, dissolved oxygen fell below the benchmarks over 48% of the time in lakes and streams in the LMRAP Ecoregion.  Canals and streams in the CDP Ecoregion also showed significant low dissolved oxygen, as dissolved oxygen fell below the benchmarks from 15 to 30% of the time during the morning hours (Appendix C, Table C-2).
5.4. Biological (Fish) Characterization
Over 120 species of fish were observed from all reference waterbodies surveyed in the Barataria and Terrebonne Basins.  The species richness (number of species observed) at each of the surveyed reference locations ranged from 8 to 64 species with a mean species richness of 21.  Key species, or those typically observed at reference sites in the Coastal Deltaic and Lower Mississippi River Alluvial Plains Ecoregions in Louisiana, were present in all of the waterbodies examined.  

The percent composition of freshwater, estuarine, marine, and mixed freshwater/marine fish species for sites sampled by LDEQ was as expected, given characteristics of the salinity regimes and waterbody types examined in this study.  That is, fish species compositions corroborate the site classifications based on observations of vegetation and salinity.  LDEQ and USEPA reported similar findings on fish species composition in lakes and streams in the LMRAP Ecoregion.  However, some differences in fish species composition were noted when comparing LDEQ and USEPA fish data.  In particular, USEPA collected mostly freshwater fishes in bays and estuaries in the CDP Ecoregion, whereas LDEQ collected mostly estuarine species.  These differences may be attributed to gear bias or differences in sampling location and habitat assessment (LDWF 2005, USEPA 2007).
The Shannon-Wiener Diversity Index is commonly used in environmental monitoring as a measure of community composition (Davis and Simon 1995, Magurran 2003).  While some researchers have found that species abundance and richness are more appropriate and informative indicators than diversity measurements, the Shannon-Wiener Diversity Index is utilized in this study because it provides a relative measure of diversity (Magurran 1988, 2003).  Although fish population diversity in estuaries can vary due to seasonal migration and other seasonal or weather-driven changes in salinity, diversity indices are widely used for comparisons among locations and as indicators of impact due to pollution or hydrologic alterations (Thompson and Fitzhugh 1986, Davis and Simon 1995).  Unfortunately, due to the possible influence on biological measurements of sampling gear bias (LDWF 2005, USEPA 2007) and the varying habitats and waterbody types sampled in this UAA, comparison of diversity measurements among reference sites characterized differently by waterbody type and sampling methods are not appropriate.  Still, the diversity measurements, along with key species, abundance (number of individuals observed), and species richness, are useful in characterizing the fish community profile in the Barataria and Terrebonne Basins.  
The Shannon-Wiener Diversity Index values calculated by LDEQ in this analysis were found to be near 2 or above for most locations.  Estimates of fish community composition indicate that fish species found at reference locations in the Barataria and Terrebonne Basins were representative of the fish community found at other LDEQ reference sites in the CDP and LMRAP Ecoregions.  These results support that the reference sites included in this survey are representative of least-impacted areas in the Barataria and Terrebonne Basins. 
6. Recommendations for Site-Specific Dissolved Oxygen Criteria
The results presented in this document indicate the currently adopted dissolved oxygen criteria are inappropriate for waterbodies in the Barataria and Terrebonne Basins.  Dissolved oxygen minimums were below the benchmarks during the critical periods for all waterbody types examined.  Dissolved oxygen was especially low in the LMRAP Ecoregion, where minimum values were typically below 1 mg/L during the critical period.  

At those sites where dissolved oxygen minimum was below 1 mg/L, biological data indicate that fish are abundant.  In addition, richness (number of species observed) ranged 17 to 22 species in samples collected from LMRAP stream sites during periods when dissolved oxygen was below the national benchmark.  The biological data collected supports that in these ecoregions diverse fish species are abundant in areas with low dissolved oxygen.  Thus, the fish and wildlife propagation use is supported in these reference areas of naturally low dissolved oxygen.    
In an effort to set appropriate dissolved oxygen criteria, LDEQ proposes to use the 10th percentile, of the reference data collected from 6 am to 12 pm, to set minimum criteria (LDEQ 2008a).  Considering the diurnal pattern of dissolved oxygen observed in the reference waterbodies, the 6 am to 12 pm data set is used to develop criteria because this corresponds to the timing of lowest dissolved oxygen conditions and to collection of grab samples, which are used to make assessment decisions.  
Using the 10th percentile allows for more conservative criteria to be set than by using the absolute minimum, as the 10th percentiles are from 1 to 4 mg/L higher than the absolute minimums (Appendix C, Tables C-3 and C-9).  Though aquatic life are present in waters of very low minimum dissolved oxygen (< 1 mg/L) and these minimums represent naturally occurring conditions, using the 10th percentile rather than the absolute minimum should be, overall, conservatively protective of the aquatic life use.
The 10th percentile obtained for data from each waterbody type and period for an ecoregion was compared to the national benchmark (Table 2).  If the 10th percentile is below the national benchmark for a waterbody type in an ecoregion, then the 10th percentile becomes the criteria.  But if the 10th percentile is greater than the benchmark, then the benchmark remains in place.  Revisions to the dissolved oxygen criteria are recommended during the critical period where the 10th percentile is below the current national benchmark.  
Proposed revision of dissolved oxygen criteria during the critical period for ecoregions and waterbody types in the Barataria and Terrebonne Basins are presented in Table 3.  The proposed dissolved oxygen criteria based on the 10th percentile are supported by the presence of aquatic life in areas of naturally low dissolved oxygen in the Barataria and Terrebonne Basins.  The proposed criteria are more appropriate than current criteria and reflect the incorporation of water quality and biological conditions from reference waters to set criteria based on an ecoregional basis for waterbodies with similar characteristics.

Table 2.  Summary of the 10th percentile of the dissolved oxygen (mg/L) for waterbody types in the Coastal Deltaic (CDP) and Lower Mississippi River Alluvial (LMRAP) Plains Ecoregions in the Barataria and Terrebonne Basins and comparison to the national benchmarks.
	Ecoregion
	Waterbody Type
	Period
	National Benchmark
(mg/L)
	10th percentile of reference data 
(6 am to 12 pm)
	Criteria

	CDP
	Bay/Estuary
	Critical
	4
	4.5
	4.0

	CDP
	Bay/Estuary
	Non-Critical
	4
	7.1
	4.0

	CDP
	Canal
	Critical
	4
	3.8
	3.8

	CDP
	Canal
	Non-Critical
	4
	5.5
	4.0

	CDP
	Lake
	Critical
	5
	6.0
	5.0

	CDP
	Lake
	Non-Critical
	5
	6.8
	5.0

	CDP
	Stream
	Critical
	5
	3.8
	3.8

	CDP
	Stream
	Non-Critical
	5
	6.3
	5.0

	LMRAP
	Lake
	Critical
	5
	3.3
	3.3

	LMRAP
	Lake
	Non-Critical
	5
	7.9
	5.0

	LMRAP
	Stream
	Critical
	5
	2.3
	2.3

	LMRAP
	Stream
	Non-Critical
	5
	5.4
	5.0


Table 3.  Proposed revision to the water quality standards for dissolved oxygen (mg/L) during the critical period for waterbody types in the Coastal Deltaic (CDP) and Lower Mississippi River Alluvial (LMRAP) Plains Ecoregions in the Barataria and Terrebonne Basins.

	Ecoregion
	Waterbody Type
	Critical Period
	Revised Criteria (mg/L)

	CDP
	Canal
	June through August
	3.8

	CDP
	Stream
	April through August
	3.8

	LMRAP
	Lake
	April through September
	3.3

	LMRAP
	Stream
	March through November
	2.3
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